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G enera l i n t r o d u c t io n
Spina bifida is a severe congenital malformation of the nervous system that has a 
pervasive impact on the physical, neurocognitive, psychological, and social 
functioning of affected individuals. Because of its complexity, the diagnosis and 
treatment of infants w ith spina bifida start before birth and continue through 
adulthood, involving multiple disciplines (Fletcher & Brei, 2010).
Spina bifida is characterized by the failure of closure o f the neural tube during the 
first weeks of gestation, resulting in an abnormal spinal cord, vertebrae, and skin 
(Mitchell et al., 2004). The cause is multifactorial, w ith both genetic and environmental 
factors having a role (Fletcher et al., 2004; Mitchell et al., 2004). Up to 70% of 
spina bifida cases can be prevented by maternal, periconceptional folic acid 
supplementation. The mechanisms underlying this effect are still unknown, but are 
likely to involve DNA processing (Blom et al., 2006).
Owing to its complexity, spina bifida can be considered from very different 
perspectives. The focus of the studies described in this thesis is on the neurocognitive 
functioning of children born w ith spina bifida. The relevant literature on spina bifida 
and cognitive functioning is reviewed and presented in this chapter.
Clinical and medical background
Spina bifida is a heterogeneous disorder. Broadly, it can be categorized into open 
spina bifida, or open spinal dysraphism (OSD), and closed spina bifida (closed spinal 
dysraphism, CSD) (Rossi et al., 2004, see also figure 1). In OSD, the nervous tissue is 
exposed to the environment through a congenital bony defect, whereas in CSD the 
defect is covered by skin (i.e., there is no exposed neural tissue), although skin stigmata 
of the back are frequently present. Some cases of CSD are not clinically evident at 
birth, but may require clinical attention later on when complications arise (Rossi et al., 
2004).
Both categories can be classified further by magnetic resonance imaging. The 
most common forms of OSD are myelomeningocele and myelocele (Rossi et al., 2004). 
Myelomeningocele, in which the spinal cord protrudes through an incomplete fused 
spine, is the most common and most severe form, accounting for 80-90% of all cases 
of OSD. Myelocele is infrequent and although the spinal cord does not protrude, there 
is incomplete fusion o f the vertebrae. The most common forms o f CSD are lipomy- 
elomeningocele and lipomyelocele (Rossi et al., 2004), but variants w ithou t a lipomatous 
contribution occur as well.
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OSD, and myelomeningocele in particular, affects the function of the legs (leading 
to problems with walking, standing, and sitting), bladder, and bowel (often leading to 
constipation, incontinence, urinary tract infections, and kidney damage) (Clayton et al., 
2010; Fletcher et al., 2004; Thomson & Segal, 2010). It is also accompanied by substantial 
brain pathology (Fletcher et al., 2005; Juranek et al., 2010; Juranek & Salman, 2010; 
Stevenson, 2004), as discussed in detail in the next section. Generally, children with OSD 
have more severe impairments than children with CSD. Likewise, the higher the 
anatomical level of the spinal lesion, the greater the impairment (Fletcher et al., 2005).
Figure 1 Newborn w ith open (left panel) and closed (right panel) 
spinal dysprahism
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Cerebral com orbidity associated w ith spina bifida
OSD is commonly associated with cerebral comorbidity, such as Chiari II malformation, 
hydrocephalus, corpus callosum dysgenesis, and additional microscopic neuropathological 
changes of the central nervous system (CNS). These anomalies are described below.
Chiari II malformation is a complex congenital brain anomaly that involves the 
cerebellum, pons, medulla, and cervical spinal cord. It is characterized by herniation of 
the cerebellum and medulla downwards into the spinal canal and upwards into the 
middle fossa (Barkovich, 2005; Juranek & Salman, 2010; Rossi et al., 2004; Stevenson, 
2004). Recently performed volumetric studies have consistently reported that the 
cerebellum is smaller in children w ith Chiari II malformation, and this difference in size 
is evident early in fetal development (Dennis et al., 2006a; Dennis et al., 2010; Edelstein 
et al., 2004; Juranek et al., 2010). The smaller cerebellum found in OSD is not the result of 
a uniform decrease in volume across all regions, but is instead the result o f a dis­
proportionately large increase in the volume of the anterior lobe, a decrease in the 
volume of the posterior- inferior regions, and no significant change in the volume of 
the corpus medullar or the posterior- superior region. The functional consequence of 
these regionally specific patterns of volumetric enlargement and reduction in cerebellar 
subdivisions remains to be established (Juranek & Salman, 2010).
Chiari II malformation is exclusively associated w ith OSD (Bowman & McLone, 
2010; Rossi et al., 2004). Radiographic evidence of Chiari II malformation is present in 
most (>75%) affected individuals, and clinically symptomatic Chiari II malformations 
are present in up to a third of individuals w ith OSD. Symptoms include apnoea, 
swallowing difficulties, and stridor in the newborn baby, and upper limb paresis, 
balance, and coordination difficulties in the older child (Mitchell et al., 2004). The 
optimal tim ing of treatment is debated, w ith some authors advocating early posterior 
fossa decompression, or more appropriately upper cervical decompression, to relieve 
symptoms (Bowman & McLone, 2010).
Hydrocephalus is defined as an abnormal enlargement of the intracranial 
cerebrospinal fluid-filled spaces, i.e., the cerebral ventricles. Its pathogenesis is not yet 
completely elucidated, but generally tw o mechanisms are recognized, namely, 
obstruction caused by Chiari II malformation and aqueductal stenosis (Del Bigio, 
2010). Early hydrocephalus causes ventricular enlargement in a posterior-to-anterior 
fashion, resulting in decreased posterior brain volumes. Hydrocephalus is preferentially 
treated by insertion of a ventriculoperitoneal shunt connecting the ventricles w ith 
the abdominal cavity in order to release the raised intracranial pressure (Bowman & 
McLone, 2010; Mitchell et al., 2004). In the course of the child's life, the shunt may need
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to be revised. Shunt dysfunction, for example, due to infections or disconnection of 
the system, is a potential cause of functional decline in a child w ith OSD. A long-term 
study has shown an average shunt revision rate o f 2-3 revisions during childhood and 
a negative association between the number o f revisions and mortality, memory, and 
quality of life in adulthood (Bowman & McLone, 2010).
Corpus callosum dysgenesis is a congenital partial absence of the corpus callosum 
that affects the rostrum, posterior body and splenium, or both, and is present in many 
patients w ith OSD (Barkovich, 2005; Hannay, 2000).
Additional microscopic brain anomalies. OSD is associated w ith histopathological 
changes o f the CNS. Gross and microscopic neuropathological examination of children 
who died w ith OSD revealed brain stem malformations (76%, i.e., hypoplasia or aplasia 
of cranial nerve nuclei), demonstrable obstruction of cerebrospinal fluid flow  within 
the ventricular system (92%), cerebellar dysplasia (72%), a disorder o f migration of 
cortical neurons (92%), fusion of the thalami (16%), agenesis o f the corpus callosum 
(12%), and complete or partial agenesis of the olfactory tract and bulb (8%) (Gilbert et 
al., 1986). More recently, volumetric MRI studies have demonstrated complex patterns 
of thickening, thinning, and gyrification of cortical regions in OSD. For example, the 
study of Juranek and Salman (2010) reported significantly reduced cortical thickness 
in posterior regions and significantly increased cortical thickness in frontal regions 
based on group comparisons between OSD and healthy controls matched for age 
and sex (Juranek et al., 2008; Juranek et al., 2010; Juranek & Salman, 2010); however, 
differences in the total volume of the cerebrum between patients w ith OSD and 
healthy controls were not found (Juranek et al., 2008).
Incidence and prevalence
Worldwide, the incidence of spina bifida has been estimated at approximately 1 in 
1000 live births, affecting 225,000 children a year (Oakley, 2002). It tends to be more 
common in girls than in boys. Since the early 1980s, estimations of the incidence in 
spina bifida in many countries have been complicated by the availability o f prenatal 
diagnosis and the elective termination of pregnancy.
In the Netherlands, the prevalence of neural tube defects as a group was 0.6 per 
1000 live births in the period 1993-1995 (Den Ouden et al., 1996). Some four years later, 
after a campaign promoting the use o f folic acid, the prevalence o f neural tube 
defects (of which 95% were spina bifida aperta) dropped to 0.4 per 1000 live births 
(Pal-de Bruin, 2000).
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The prevalence of spina bifida varies by time, region, and ethnicity. For example, 
the spina bifida birth rate in developing countries such as Tanzania is higher than in 
industrialized countries (Kinasha & Manji, 2002). A recent study of the prevalence of 
spina bifida among children and adolescents in 10 regions in the United States also 
revealed variations in prevalence according to region, race, and sex (Shin et al., 2010).
Although the incidence of spina bifida live births is declining, it continues to be 
the cause of significant chronic disability (Hunt et al., 1999; Hunt & Oakeshott, 2003; 
Hunt & Poulton, 1995; Oakeshott & Hunt, 2003).
Medical treatm ent and prognostic counselling
In general, the initial treatment of children born w ith spina bifida consists of surgical 
closure of the spinal lesion (a few days after birth). The condition cannot be cured, and 
thus associated complications and symptoms require lifelong monitoring and 
treatment. Treatment can include regulation of cerebrospinal fluid drainage, 
decompression of the Chiari II malformation, bladder and bowel management, 
orthopaedic correction, and ambulation. Owing to the complexity of the disorder, 
medical care is frequently organized in multidisciplinary spina bifida teams.
Historically, in the early 1950s, the long-term survival rate for individuals w ith OSD 
was about 10% (Laurence, 1974). At that time, urological problems, kidney disease, and 
hydrocephalus were important causes of morbidity and m ortality (Laurence, 1974; 
Leck, 1966; Mueller et al., 2002). Most children were actively treated regardless of the 
severity o f the disorder. However, in the 1970s, Lorber proposed criteria for the 
selective treatment of children w ith OSD, reasoning that many of these children were 
a burden to themselves, their family, and society (Lorber, 1971; Lorber, 1974). He 
advocated active treatment only for those infants that were considered to have a 
good chance of a good neurological outcome, amounting to 30% of newborns w ith 
OSD. The remaining patients were not treated because of the presence of severe 
neurological deficits, criteria including hydrocephalus, paraplegia, severe kyphosis, 
and associated congenital defects. These children were given supportive nursing care 
only, and surgery, antibiotics, and artificial feeding were withheld (Bowman & McLone, 
2010). Although the criteria Lorber formulated are still the only published criteria, 
many clinicians agree that they fall short (Freeman, 1998), even though it is generally 
accepted that it is difficult to establish the prognosis of newborn children w ith spina 
bifida and to formulate valid criteria for selective treatment that could help clinicians 
and parents make decisions.
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Advances in perinatal, neonatal, and neurosurgical care and the management of 
several important complications mean that nowadays many children w ith OSD survive 
into adulthood (Hunt et al., 1999; Hunt & Oakeshott, 2003; Hunt & Poulton, 1995; 
Oakeshott & Hunt, 2003). For many, survival w ill come at the cost o f medical problems 
that require expertise across many disciplines. The emphasis of management is now 
on optimizing the functional outcome for these children by providing coordinated 
multidisciplinary care throughout childhood and beyond.
Experimental studies have investigated the feasibility of in utero surgery for OSD, 
performed w ith the aim of stopping the leakage of spinal fluid from the back and of 
preventing or reversing the Chiari II malformation. A randomized controlled study, the 
Management of Myelomeningocele Study (MOMS), investigating the impact o f fetal 
surgery on the child w ith myelomeningocele is currently in progress at three 
institutions in the United States (Bowman & McLone, 2010).
Neurocognitive functioning of children with spina bifida1
Besides the range of medical consequences mentioned above, spina bifida also has 
an impact on the cognitive and psychomotor development of children. Medical 
advances, such as improved and earlier diagnosis and treatment, and a reduction in 
shunt and other postoperative complications, have increased survival and decreased 
the incidence of profound cognitive deficits (Erickson et al., 2001). In earlier studies, 
outcome measures such as general intelligence were the main measures of interest, 
but in the past decade there has been growing interest in more specific cognitive 
functions and the underlying processes associated w ith specific brain anomalies.
General cognitive outcome
In terms of neurobehavioural outcomes, relatively few children w ith spina bifida suffer 
from severe mental retardation. As a group, children w ith spina bifida tend to have 
intelligence scores w ith in the low-average to average range, slightly but significantly
1 In th e  lite ra tu re , th e  te rm in o lo g y  used to  de fine  spina bifida is n o t used consistently . The m edical lite ra tu re  uses 
te rm s based on  th e  c lassification o f  th e  associated (neuro )p a tho log y. M o st o f  th e  lite ra tu re  on  psychological 
and co g n itive  fu n c tio n in g  in spina bifida relates o u tc o m e  variab les to  th e  severity  o f th e  disorder, and the re fo re  
com pare ch ild ren w ith  th e  m ost severe fo rm  (OSD, fre q u e n tly  described as spina bifida aperta, m y e lo m e n in ­
gocele, o r spina bifida w ith  m ye lom en ing oce le , SBM) to  th o se  w ith  m ild e r fo rm s (CSD, also described as spina 
bifida occu lta ) o r o th e r  neuro log ica l disorders. W e rev iew ed th e  psycholog ical lite ra tu re  and tried  to  standardize 
the  te rm s used. In line w ith  this, th e  te rm  "spina b ifida" (SB) is used as a genera l te rm  th a t encom passes a broad 
range o f  m a lfo rm a tio ns ; w e use th e  te rm  spina bifida w ith  m ye lo m e n in g o ce le  (SBM) and accom p any ing  cer­
ebral an om a lies w h e n  referring to  th e  m ost severe fo rm  o f  spina bifida.
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lower than those of healthy children. Many affected children have specific cognitive 
strengths and weaknesses (Fletcher et al., 2005; Juranek et al., 2008; Wills et al., 1990; 
Wills, 1993).
Lomax- Bream et al. (2007) evaluated the early cognitive, motor, and language 
skills o f children w ith spina bifida at five tim e points in early development (6, 12, 18, 24, 
and 36 months of age). Their results suggest that these children have a developmental 
delay compared w ith healthy control children. The differences between the groups 
remained stable over time, which suggests that spina bifida is not associated w ith a 
deterioration of cognitive functioning (Lomax-Bream et al., 2007).
Neurocognitive profile
Most studies o f cognitive outcomes in spina bifida have reported a discrepancy 
between verbal IQ and performance IQ, w ith verbal IQ being in most cases better 
than performance IQ (Brookshire et al., 1995; Donders et al., 1991; Fletcher et al., 1992b). 
Verbal IQ is based on the ability to analyse information using language-based 
reasoning, whereas performance IQ is based on logical and spatial thinking, processing 
speed, and visual perception. The following section describes the strengths and 
weaknesses of children w ith spina bifida in the cognitive domains of attention and 
memory, executive functioning, speech and language, and motor functioning.
A ttention and memory
Attention is critical for engaging effectively in many tasks. Approximately, one quarter 
of children w ith open spina bifida, i.e. myelomeningocele w ith associated cerebral 
malformations (referred to as SBM) have been reported to have attention problems 
(Burmeister et al., 2005; Colvin et al., 2003; Fletcher, 2005; Rose & Holmbeck, 2007; 
Vachha & Adams, 2005). Both the parents and teachers of these children report 
problems in these areas, as well as in closely related executive functions (Dennis et al., 
1999; Fletcher et al., 1996; Mahone et al., 2002). In terms of DSM-IV classifications, the 
study of Davidovitch et al. (1999) reported a high prevalence of attention deficit 
w ithou t hyperactivity in children w ith SBM, and that standard medical treatments 
(methylphenidate) for ADHD are suboptimal in children w ith SBM compared w ith 
children w ith ADHD (Davidovitch et al., 1999). (Of note, children w ith spina bifida are 
rarely rated as hyperactive, probably as a result of limitations secondary to motor 
impairments and restricted mobility.)
Earlier neurocognitive studies o f attention conducted by Tew et al. (1980), Lollar 
(1990), and Horn et al. (1985) yielded inconsistent results and had numerous 
methodological limitations (Horn et al., 1985; Lollar, 1990; Tew et al., 1980). More recent
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studies conducted by Brewer et al. (2001) and Loss et al. (1998) applied the attention 
model o f Mirsky et al. (1991) in their study o f different elements o f attention (Brewer 
et al., 2001; Loss et al., 1998; Mirsky et al., 1991). As far as information processing is 
concerned, Mirsky et al. (1991) described different dissociable elements o f attention 
that represent different components in the regulation of information processing. 
Three of these elements of attention have been investigated in children w ith SBM 
(focused, sustained attention, and encoding). First, the focus/execute element, the 
capacity to concentrate resources on a task, which is operationalized as the ability to 
rapidly select target information from competing targets. Mirsky et al. (1991) related 
this attentional element to a posterior brain system encompassing the inferior parietal 
part, superior temporal, and striatal regions. Second, the sustain element, the capacity 
to maintain focus and alertness over time, which is commonly measured by continuous 
performance tests. This system is associated w ith an anterior attention system 
involving rostral midbrain structures, the reticular formation of the brain stem, and 
the thalamus. And third, the encode element, which is closely associated w ith memory, 
is dependent on the hippocampus and amygdala (Mirsky et al., 1991). Neurocognitive 
studies indicate that children w ith SBM tend to have difficulties w ith encoding, 
sustaining, focusing, and shifting attention (Brewer et al., 2001; Fletcher et al., 1996; 
Loss et al., 1998). Because attention is such a common and major process contributing 
to almost all cognitive activities, it has been hypothesized that attention deficits could 
underlie the wide range o f cognitive impairments associated w ith spina bifida. In 
some cases, the attention deficits seen in school-age children were detectable much 
earlier in life.
However, the drawback o f current psychometric measures of attention is that 
performance on most attention tasks is heavily dependent on additional cognitive 
and motor functions. Consequently, the assessment o f attention in patients w ith SBM 
is complicated by patients' deficits in the visuospatial (Wills, 1993), verbal memory 
(Yeates et al., 1995), and fine motor (Erickson et al., 2001; Hetherington & Dennis, 1999; 
Norrlin & Dahl, 2004) domains. Fletcher et al. (1996), for example, argued that the 
observed differences between children w ith and w ithou t hydrocephalus (of different 
aetiology) on measures of focused attention were primarily attributable to motor 
deficiencies rather than to attention deficits per se. In contrast, the findings by Brewer 
et al. (2001) and Loss et al. (1998) suggested that even when the demands of response 
speed and motor control were minimized, children w ith hydrocephalus continued to 
display attention problems. These studies demonstrate that it is difficult to interpret 
the results o f tests o f attention in this population.
18
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In contrast to Brewer et al. (2001) and Loss et al. (1998), several authors have found 
sustained attention to be relatively intact, and have proposed that sustained attention 
is subserved by a more anterior attention system (Dennis et al., 2005; Swartwout et al., 
2008; Taylor et al., 2010). These inconsistent results on sustained attention might be 
due to methodological issues, such as different operationalizations of this attention 
domain.
Only a few studies have been investigated memory functioning in spina bifida. 
Results suggest that memory deficits are not characteristic of children w ith spina 
bifida, although verbal learning ability seems to be affected and children may exhibit 
poor learning o f spatial orientation (Lindquist et al., 2005; Scott et al., 1998; Wiedenbauer 
& Jansen-Osmann, 2006; Yeates et al., 1995).
Executive function ing
The executive functions construct is difficult to define because executive function is 
closely related to attentional and memory functions. Lezak (1995) described four 
components of executive function as goal formulation, planning, carrying out 
goal-directed plans, and engaging in effective performance (Lezak, 1995). Studies 
have shown that children w ith SBM are characterized by poor executive functions, as 
evaluated w ith psychometric tests (Iddon et al., 2004; Rose & Holmbeck, 2007) and by 
parent and self-report (Mahone et al., 2002; Tarazi et al., 2008). However, executive 
function deficits in SBM are not global. Individuals w ith SBM perform poorly on some 
but not all executive function measures (Brown et al., 2008). On measures of the 
Behavior Rating Inventory of Executive Function (BRIEF), a questionnaire for parents 
and teachers used to assess the behavioural manifestation of executive functioning in 
home and school settings, patients w ith SBM exhibited more problems than both 
published norms and a healthy control group in metacognition (e.g., planning, 
working memory, and organization), but not in behaviour regulation (e.g., impulse 
control, emotion regulation) (Brown et al., 2008).
Speech and language
Studies of motor speech have revealed that speech development is poor in SBM, 
although phonological, semantic, and syntax abilities are normal (Dennis et al., 1994; 
Dennis & Barnes, 1993; Huber-Okrainec et al., 2002). Some children w ith SBM show 
dysarthric characteristics, such as problems in intelligibility, fluency, prosody, vocal 
intensity, and quality of speech. As mentioned earlier, there is a discrepancy between 
verbal IQ, which is typically in the average range, and performance IQ, which is 
typically below average, in children w ith SBM. Studies of expressive language in
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individuals w ith SBM have focused more on language style than on motor speech 
characteristics. According to this view, children w ith spina bifida and associated 
hydrocephalus are frequently described to have hyperverbal behaviour, also referred 
to as "cocktail party syndrome" (Erickson et al., 2001; Tew et al., 1980). This syndrome 
describes a cluster o f behaviours that include extreme verbosity and repetitive 
speech. Speech content is superficial, though it is well articulated and mature. Patients 
w ith the cocktail party syndrome include social jargon and words w ithou t fully 
understanding their meaning (Hurley et al., 1990). An over-familiar manner and 
inappropriate introduction of personal experience during conversations are also 
characteristic o f patients w ith this syndrome (Dennis et al., 1987; Erickson et al., 2001).
Children w ith SBM also show both deficits and assets w ith regard to pragmatic 
aspect of language. Pragmatics is concerned w ith successful functional communication. 
One form of pragmatic communication is based on social and interpersonal principles, 
such as cooperation, turn taking, politeness, and irony; the other is based on textual 
rhetoric, including ease of processing, clarity, and expressivity (Dennis & Barnes, 2010). 
Interpersonal rhetoric is preserved in children w ith SBM, whereas textual rhetoric is 
impaired and their communication is difficult to process, uneconomic, and unclear.
Motor function ing
Many children w ith SBM have leg dysfunction, which leads to ambulation problems 
ranging from slight leg impairment to complete paralysis (Mitchell et al., 2004). These 
children may also have fine motor problems of the upper extremities. Typically, the 
fine motor skills that children w ith SBM have most trouble w ith are handwriting and 
drawing. Deficits in fine motor skills and finger function and precision in upper limb 
control are already evident in infants and toddlers w ith spina bifida (Lomax-Bream et 
al., 2007). A series o f experimental studies performed in recent years have shown that 
both pre-schoolers and school-aged children w ith SBM have intact motor adaptation 
and learning, but impaired motor control (Colvin et al., 2003; Dennis et al., 2006a; 
Dennis et al., 2010; Edelstein et al., 2004).
This variability in motor functioning is related to both spinal cord and brain 
abnormalities, such that the more rostral the spinal lesion, the more severe the motor 
deficit (Dennis et al., 2006a; Verhoef et al., 2004). Cerebellar dysfunction may lead to 
ataxia (Hetherington & Dennis, 1999), dysarthria, and oculomotor apraxia. These 
potentially affect visuomotor skills, especially when rapid performance, fine manipulation 
of test stimuli, and alignment o f puzzle parts are necessary.
20
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Neural correlates o f neurocognitive function ing in spina bifida
In summary, spina bifida is a complex congenital disorder including a range of CNS 
malformations associated w ith a heterogeneous neurocognitive outcome. While 
clinical studies w ith traditional neuropsychological tests have described the strengths 
and weaknesses of neurocognitive and psychological functioning, newer experimental 
investigations have attempted to characterize the underlying cognitive processes. 
However, the neural correlates of the described profile o f strengths and weaknesses 
in neurocognitive functioning are still debated.
Earlier research suggested that numerous biological factors are associated with 
cognitive outcomes in children w ith SBM. Some studies have found that the higher 
the lesion is located, the poorer the cognitive and motor outcome is. One reason 
might be that lesions at a higher anatomical level are associated w ith profound 
cerebral comorbidity (Dennis et al., 2009; Fletcher & Brei, 2010; Shaffer et al., 1985; 
Wills, 1993). Other authors have speculated that the cognitive difficulties are due, in 
part, to the impact o f hydrocephalus on cerebral white matter (Fletcher et al., 1992a; 
Fletcher et al., 1995). A history of frequent shunt revision also seems to affect cognitive 
outcome; however, the results o f different studies are not consistent. More recently, 
the specific influence of cerebellar malformations (Dennis et al., 2004; Dennis et al., 
2006a; Dennis et al., 2010; Huber-Okrainec et al., 2002) and corpus callosum dysgenesis 
has been investigated (Hannay, 2000).
Advanced brain-imaging techniques, such as diffusion imaging techniques, have 
been applied to this patient group to gain a detailed insight into the specific nature of 
the brain anomalies in relation to cognitive deficits.
Psychosocial and fam ily functioning
Children w ith SBM are described as sociable and express a range of social behaviours, 
although they have difficulty in behavioural regulation. In pre-schoolers w ith SBM, 
difficulties w ith behavioural regulation are associated w ith an inability to apply rules 
discovered through instruction and social interaction. School-aged children w ith SBM 
have a range o f problems, including difficulties in identifying the rules underlying 
effective goal-directed behaviour in social situations, and in maintaining goal-directed 
behaviours during play; difficulties in unstructured social situations, showing 
inappropriate social distance, hyperverbosity, inappropriate use o f language, and a 
failure to benefit from feedback or instruction about their behaviour (Barnes & Dennis, 
1998); and difficulty w ith social problem solving, including the production of
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contextually appropriate responses to social interactions and comprehension of the 
social expression o f emotion (Dennis et al., 2006b).
The demands of chronic illnesses, such as spina bifida, have been found to increase 
levels of parent and family stress relative to those of parents of typically developing 
children (Holmbeck & Devine, 2010; Vermaes et al., 2004; Vermaes et al., 2005; Wallander 
et al., 1989). In a recent review article, Holmbeck and Divine (2010) presented a bio- 
neuro-psychological model to explain the variation in family functioning and 
psychological adjustment o f individuals w ith spina bifida (Holmbeck & Devine, 2010). 
Children w ith spina bifida appear to be at risk of higher levels o f internalizing symptoms 
and lower levels of self-esteem than healthy control children, and are more likely to be 
lonely and socially immature.
Aims and outline o f this dissertation
The current project is part of the Nijmegen Interdisciplinary Spina Bifida research 
programme (NISB) -  a study of children w ith spina bifida, born or referred to the 
Radboud University Nijmegen Medical Centre, and their families. The main goal of this 
programme is to determine the medical, neuropsychological, and family outcomes of 
patients w ith spina bifida, and to use this information to improve prognosis and 
clinical decision-making during the perinatal and infant period. The programme is 
guided by ethical discussion of decisions regarding appropriate treatment after birth, 
such as, w ithholding treatment, withdrawing treatment, administering supportive 
palliative care which might (or might not) accelerate the process of dying, and 
end-of-life decisions (De Jong, 2006; De Leeuw, 1996; Kompanje et al., 2005; Rotteveel 
et al., 1996; Verhagen et al., 2005). The NISB programme strives to develop more valid 
criteria for medical interventions after birth. Data collection started in January 2003 
and involved the disciplines paediatric neurology (children's neurological functioning), 
neuropsychology (children's neurocognitive functioning), theology (parents' religious 
views and world views), and family psychology (parents' psychosocial adjustment).
The above overview demonstrates that spina bifida is a complex congenital 
disorder associated w ith a considerable heterogeneity in neurological outcomes and 
neurocognitive functioning. The literature shows that the variability in different 
cognitive functions is even present within particular cognitive domains. This variability 
confounds a reliable long-term prognosis in children w ith spina bifida, which in turn 
complicates decision-making among clinicians and caregivers in the counselling 
process.
22
G enera l i n t r o d u c t io n
The main aim of the studies presented in this thesis is to gain insight into the 
variability o f neurocognitive deficits in children w ith spina bifida in general and, more 
specifically, in relation to the associated cerebral comorbidity. The studies add to the 
existing literature by providing detailed analyses of underlying cognitive processes, 
taking into account the heterogeneity of the neurocognitive sequelae and neurological 
outcomes.
To address these issues, we conducted a retrospective study. As participants, we 
selected individuals from a cohort of patients born between 1 January 1988 and 31 
December 1997 w ith spina bifida in the Radboud University Nijmegen Medical Centre 
or admitted for surgery later on. The patient group was heterogeneous w ith respect 
to medical characteristics and the severity of the disorder (OSD versus CSD). In general, 
in our study, comparisons were made between all patients w ith open spina bifida, i.e. 
myelomeningocele w ith associated cerebral malformations (SBM), such as Chiari II 
malformation, hydrocephalus, and/or corpus callosum dysgenesis, and a control 
group of patients consisting of children w ith closed spinal bifida w ithou t cerebral 
malformation (referred to as SB). In our study different methods were used to delineate 
the effects of confounders of cognitive functioning and the underlying cognitive 
processes, and to disentangle the influence of brain anomalies on cognitive 
functioning.
The outline of the thesis is as follows:
Chapter2 describes a clinical neuropsychological approach of our study aimed at 
determining the cognitive outcome and neurocognitive profile o f children w ith spina 
bifida. Forty-six children between 6 and 15 years of age underwent a comprehensive 
neurocognitive assessment covering a variety of cognitive functions, such as general 
intelligence, visual analysis and synthesis, visuomotor functioning, (non)verbal 
memory, speed of information processing, verbal skills, and verbal fluency. To better 
understand the effect o f cerebral comorbidity on neurocognitive functioning, we 
compared the performance of children w ith and w ithou t cerebral malformations 
(hydrocephalus and Chiari II malformation). Following on from this overall assessment 
of neurocognitive functions, specific cognitive domains were selected (attention and 
motor function, described in chapters 3 and 4, respectively) to further investigate 
possible interactions between these neurocognitive domains.
Chapter3 describes the assessment of attention functions in our patient group. In 
the literature, attention problems, as well as fine motor problems, are frequently 
associated w ith spina bifida. However, it remains unclear to what extent the
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performance of children w ith spina bifida on traditional and clinical attention tests is 
confounded by the accompanying deficits. To investigate this problem, a test battery 
was selected comprising traditional attention tests requiring more complex cognitive 
and visuomotor skills, as well as simple, computer-based tasks designed to minimize 
the potential effects o f any additional deficits. The performance of children w ith SBM 
on both the complex and the simple tasks was compared w ith that o f a closely 
matched control group of children w ith SB only, w ith no or minor cognitive and 
visuomotor deficits.
The study described in chapter 4 investigates motor functioning in relation to 
cerebral malformation. The study had two aims, namely, to delineate motor functioning 
from cognitive functioning and to assess the role o f cerebral malformations. To this 
end, the motor functions of patients were measured extensively to explore to what 
extent motor performance and quality (such as kinetic tremor and dysmetria) are 
associated w ith deficiencies in the visuomotor domain and w ith the overall cognitive 
impairment. The role of cerebral malformations was assessed by comparing the 
performance of children w ith and w ithou t cerebral comorbidity.
The studies described in chapters 2, 3, and 4 were based on the results o f the 
retrospective study performed in 2003. These studies combine a clinical neuropsy­
chological approach w ith a more experimental approach to one and the same patient 
group and sought to identify factors and processes that contribute to the variability 
in the neurocognitive profile of individuals w ith spina bifida. Moreover, a follow-up 
study was conducted on a selected patient group w ith a full-scale IQ of >70. Data for 
this additional study were collected in 2007.
The results of the latter follow-up study are described in chap te r5. Owing to the 
complex sequelae of the cognitive and fine motor deficits associated w ith spina 
bifida, it can be questioned whether the cognitive and motor deficits o f these children 
affect the acquisition of new skills. We adopted a process-oriented approach to 
examine and disentangle the underlying cognitive and psychomotor processes that 
contribute to a central aspect o f motor learning, namely, motor sequence learning. To 
this end, several motor control and motor learning tasks were administered using a 
digitizing tablet and an electronic pen to obtain accurate measures o f various 
movement kinematics.
The different approaches, i.e., a clinical neuropsychological approach versus more 
experimental approach, used in the studies described in chapters 2, 3, 4, and 5 report 
on methodological issues regarding valid neuropsychological assessment of a 
complex paediatric patient group. These methodological issues are not specifically 
inherent to spina bifida, but can also be expected in other conditions. This has been
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investigated in a recent study applied to a completely different condition i.e., ataxia 
telangiectasia added as a supplement to this dissertation. To date, there has only been 
limited attention for the cognitive functioning in patients w ith ataxia telangiectasia. 
The interesting question is whether the higher cerebral functions are (relatively) 
spared while these patients suffer from a devastating, progressive deterioration of 
motor functioning due to cerebellar degeneration. Clinical neuropsychological testing 
is confounded by cerebellar dysfunction comprising speech abnormalities, difficulties 
w ith motor coordination and timing, as well as striking oculomotor abnormalities. A 
test battery was composed which takes into account these confounding effects in 
order to obtain a cognitive profile of these patients. In addition to these methodological 
challenges, the comparison of children w ith spina bifida and children w ith ataxia 
telangiectasia might give more insight into the differences and similarities in the 
cognitive profile o f children w ith congenital versus acquired and progressive cerebellar 
malformations.
In summary, the studies described in this thesis address the following research 
questions:
(1) How do children with spina bifida perform on cognitive tasks and what are the strengths 
and weaknesses in their neurocognitive profile?
(2) Which underlying cognitive processes contribute to the heterogeneity o f the cognitive 
profile associated with spina bifida, in view o f their complex cerebral malformations? 
Does this heterogeneity have consequences for the validity o f neuropsychological 
assessment in complex paediatric neurological disorders?
Chap te r6 provides a general discussion of the main conclusions, strengths, and 
limitations o f the studies, as well as possible implications for clinical practice, 
treatment, and further research.
25
C h ap te r  1
References
B arkovich , A. J. (2005). C o n g e n ita l m a lfo rm a tio n s  o f  th e  b ra in  and  sku ll. In Ped ia tric  N eu ro im ag ing  (4th ed., pp. 
374-384). P h ila d e lp h ia : L ip p in c o tt: W il lia m s  and  W ilk in s .
Barnes, M. A. & D enn is , M. (1998). D iscourse  a fte r  e a r ly -o n s e t h y d ro ce p ha lus : C ore d e fic its  in c h ild re n  o f  
ave rag e  in te llig e n c e . Brain and  Language, 61, 30 9-334.
B lom , H., Shaw , G. M., d en  H e ije r, M., & F in n e ll, R. H. (2006). N eura l tu b e  d e fe c ts  and  fo la te : Case fa r fro m  
c losed . Na tu re  Review  Neuroscience, 7, 724-731.
B ow m a n , R. M. & M c Lon e , D. G. (2010). N e u ro su rg ic a l m a n a g e m e n t o f  sp ina b ifid a : Research issues. 
D eve lopm en ta l D isab ilities  Research Reviews, 16, 82-87.
B rew er, V. R., F le tch er, J. M., H iscock, M., & D av id son , K. C. (2001). A t te n t io n  p rocesses in c h ild re n  w ith  sh u n te c  
h y d ro c e p h a lu s  ve rsus  a t te n t io n  d e f ic it -h y p e ra c t iv ity  d iso rd e r. Neuropsycho logy, 15, 185-198.
B ro oksh ire , B. L., F le tcher, J. M., B ohan, T. P., Landry, S. H., D av id son , K. C., &  Francis, D. J. (1995). V e rb a l and 
n o n v e rb a l skill d isc re p a nc ies  in c h ild re n  w ith  h y d ro ce p ha lus : A f iv e -y e a r  lo n g itu d in a l fo l lo w -u p . Jo u rna l 
o f  Ped iatric Psychology, 20, 78 5 -800 .
B row n , T. M., Ris, M . D., Beebe, D., A m m e rm a n , R. T., O p p e n h e im e r, S. G., Yeates, K. O. e t al. (2008). Factors  o f  
b io lo g ic a l risk and  rese rve  assoc ia ted  w ith  e x e c u tiv e  b e h a v io rs  in c h ild re n  and  a d o le s c e n ts  w ith  spina 
b ifid a  m y e lo m e n in g o c e le . C lin ica l N eu rop sycho log y  14, 118-134.
B u rm e is te r, R., H annay, H. J., C o p e land , K., F le tcher, J. M., B o u d o u s q u ie , A., &  D enn is , M . (2005). A t te n t io r  
p ro b le m s  and  e x e c u tiv e  fu n c tio n s  in c h ild re n  w ith  sp ina b ifid a  and  h y d roc e p ha lus . Child  N europsycho l­
ogy, 11, 265-283.
C la y to n , D. B., B rock III, J. W., & Jo sep h , D. B. (2010). U ro lo g ic  m a n a g e m e n t o f  sp ina b ifid a . D eve lopm en ta l 
D isab ilities Research Reviews, 16, 88 -95 .
C o lv in , A. N., Yeates, K. O., Enrile , B. G., &  C oury , D. L. (2003). M o to r  a d a p ta tio n  in c h ild re n  w ith  m y e lo m e n in ­
g oc e le : C o m p a riso n  to  c h ild re n  w ith  A D H D  and  h e a lth y  s ib lin g s . Jo u rn a l o f  the In te rn a t io n a l Neuropsy­
c h o log ica l Soc iety, 9, 642-652.
D a v id o v itc h , M., M a n n in g -C o u r tn e y , P., H a rtm a n n , L. A., W a tso n , J., L u tk e n h o ff, M., & O p p e n h e im e r, S. (1999). 
T h e  p reva le nce  o f  a t te n t io n a l p ro b le m s  and  th e  e ffe c t o f  m e th y lp h e n id a te  in c h ild re n  w ith  m y e lo m - 
e n ig o c e le . Ped ia tric  R ehab ilita tio n , 3, 29-35.
De Jo ng , T. H. R. (2006). La ten s te rve n  o f  d o e n  s te rve n ?  P a llia tie ve  zo rg  v o ld o e t  b ij p a s g e b o re n e n  m e t 
o n b e h a n d e lb a re  sp ina b ifid a  (O p in ie ) [Leaving  o r  m a k in g  to  d ie? P a llia tive  care su ffic es  fo r  n e w b o rn s  
w ith  u n tre a ta b le  sp ina b ifida  (op in io n )]. Medisch Contac t, 61, 669 -670 .
De Leeuw , R. (1996). A c tie ve  le v e n s b e ë in d ig in g  b ij p a s g e b o re n e n  m e t sp ina b ifida? [A c tive  eu th an as ia  in 
n e w b o rn  in fa n ts  w ith  sp ina b ifida?]. Nederlands T ijd sch rift vo o r Geneeskunde, 140, 800.
Del B ig io , M. R. (2010). N e u ro p a th o lo g y  and  s tru c tu ra l c h an g e s  in h yd ro c e p h a lu s . D eve lopm en ta l D isab ilities  
Research Reviews, 16, 16-22.
D en O u d e n , A. L., H iras ing , R. A., B u ite n d ijk , S. E., Jo n g -v a n  d en  Berg, L. T., de W a lle , H. E., &  C o rne l, M. C. 
(1996). P re va le n tie , k lin isch  b ee ld  en p ro g n o se  va n  n e u ra a lb u is d e fe c te n  in N ed e rland  [P reva lence, 
c lin ic a l aspects, and p ro g n o s is  o f  ne u ra l tu b e  d e fe c ts  in T h e  N e the rlan d s ]. Nederlands T ijd sch rift voo r  
Geneeskunde, 140, 2092-2095.
D enn is , M. & Barnes, M. A. (1993). O ra l d iscou rse  a fte r  e a r ly -o n s e t hyd ro c e p h a lu s : L in g u is tic  a m b ig u ity , 
f ig u ra t iv e  la ng ua g e , speech ac ts, and  sc rip t-b ased  in fe ren c es . J o u rn a l o f  Ped iatric Psychology, 18, 
639-652.
D enn is , M., Barnes, M., & H e th e r in g to n , C. R. (1999). C o n g e n ita l h y d ro c e p h a lu s  as a m o d e l o f  n e u ro d e v e lo p - 
m e n ta l d iso rd e r. In H .Tag er-F lusberg  (Ed.), N eu rodeve lopm en ta l disorders: C on tr ib u tio n  to a n ew  perspective  
from  the cogn itive  neurosciences (pp. 505-532). C a m b rid g e , M A ; L o n d o n , E ng land : M IT  Press.
D enn is , M . & Barnes, M . A. (2010). T h e  c o g n it iv e  p h e n o ty p e  o f  sp ina b ifid a  m e n in g o m y e lo c e le . D eve lopm en ta l 
D isab ilities Research Reviews, 16, 31-39.
D enn is , M., E d e ls te in , K., F red erick , J., C o p e la nd , K., Francis, D., Blaser, S. E. e t al. (2005). P e rip e rso na l spa tia l 
a t te n t io n  in c h ild re n  w ith  sp ina b ifid a : A sso c ia tio n s  b e tw e e n  h o r iz o n ta l and  v e r tic a l line  b is e c t io n  and
26
G enera l i n t r o d u c t io n
1c o n g e n ita l m a lfo rm a tio n s  o f  th e  co rp us  c a llo su m , m id b ra in , and  p o s te r io r  c o rte x . Neuropsycho log ia , 43, 2000-2010.
D enn is , M., E d e ls te in , K., H e th e r in g to n , R., C o p e land , K., F red erick , J., Blaser, S. E. e t al. (2004). N e u ro b io lo g y  
o f  p e rc e p tu a l and  m o to r  t im in g  in c h ild re n  w ith  sp ina b ifid a  in re la tio n  to  c e re b e lla r v o lu m e . Brain, 127, 
1292-1301.
D enn is , M., H en d rick , E. B., H o ffm a n , H. J., & H u m p h re ys , R. P. (1987). Lang uag e  o f  h y d ro c e p h a lic  c h ild re n  and 
ad o le sc en ts . J o u rn a l o f  C lin ica l a n d  Expe rim en ta l Neuropsycho logy, 9, 593-621.
D enn is , M., Jacen n ik , B., & Barnes, M. A. (1994). T h e  c o n te n t o f  n a rra tiv e  d isco u rse  in c h ild re n  and  a d o lescen ts  
a fte r  e a r ly -o n s e t h y d ro c e p h a lu s  and  in n o rm a lly  d e v e lo p in g  age peers. Brain and  Language, 46, 
129-165.
D enn is , M., Je w e ll, D., E d e ls te in , K., B rand t, M., H e th e r in g to n , R., Blaser, S. E. e t al. (2006a). M o to r  le a rn in g  i r  
c h ild re n  w ith  sp ina b ifid a : In ta c t le a rn in g  and  p e rfo rm a n c e  o n  a b a llis tic  task. J o u rn a l o f  the In te rn a t io n a l 
Neuropsycho log ica l Society, 12, 5 9 8 -60 8 .
D enn is , M., Landry, S. H., Barnes, M., & F le tcher, J. M. (2006b). A m o d e l o f  n e u ro c o g n it iv e  fu n c t io n  in spina 
b ifid a  o v e r  th e  life  span. J o u rn a l o f  the In te rn a t io n a l Neuropsycho log ica l Society, 12, 285-296.
D enn is , M., S a lm an , M. S., Je w e ll, D., H e th e r in g to n , C. R., S p ieg le r, B. J., M a cG re g or, D. L. e t al. (2009). U p p er 
lim b  m o to r  fu n c t io n  in y o u n g  a d u lts  w ith  sp ina b ifida  and  h y d ro ce p ha lus . Child's Nervous System , 25, 
1447-1453.
D enn is , M., Sa lm an , M. S., Ju rane k , J., & F le tcher, J. M. (2010). C e re b e lla r m o to r  fu n c t io n  in sp ina b ifida  m e n in ­
g o m y e lo c e le . Cerebellum , 9, 48 4 -4 9 8 .
D ond e rs , J., R ourke, B. P., & Canady, A. I. (1991). N e u ro p syc h o lo g ic a l fu n c t io n in g  o f  h y d ro c e p h a lic  c h ild re n . 
J o u rn a l o f  C lin ica l a n d  E xpe rim en ta l Neuropsycho logy, 13, 607-613.
Ed e ls te in , K., D enn is , M., C o p e la nd , K., F red erick , J., Francis, D., H e th e r in g to n , R. e t al. (2004). M o to r  le a rn in g  
in c h ild re n  w ith  sp ina b ifid a : D iss o c ia tio n  b e tw e e n  p e rfo rm a n c e  leve l and  a c q u is it io n  rate . J o u rn a l o f  the 
In te rn a t io n a l Neuropsycho log ica l Society, 10, 877-887.
Erickson, K., Baron, I. S., & Fantie , B. D. (2001). N e u ro p syc h o lo g ic a l fu n c t io n in g  in ea rly  h y d roce p h a lu s : R ev iew  
fro m  a d e v e lo p m e n ta l p e rs p e c tive . Child  Neuropsycho logy, 7, 199-229.
F le tcher, J. M. (2005). A t te n t io n  in C h ild re n : c o n c e p tu a l and  m e th o d o lo g ic a l issues. Child  Neuropsycho logy, 4, 
81-86.
F le tcher, J. M., B ohan, T. P., B rand t, M. E., B ro oksh ire , B. L., Beaver, S. R., Francis, D. J. e t al. (1992a). C ereb ra l 
w h ite  m a tte r  and  c o g n it io n  in hy d ro c e p h a lic  c h ild re n . Archives o f  N euro logy, 49, 818-824.
F le tcher, J. M. & Brei, T  J. (2010). In t ro d u c tio n : Sp ina b ifid a  - A m u lt id is c ip lin a ry  p e rs p e c tive . D eve lopm en ta l 
D isab ilities Research Reviews, 16, 1-5.
F le tcher, J. M., B rooksh ire , B. L., B ohan, T. P., B rand t, M., &  D a v id son , K. C. (1995). Early hyd ro c e p h a lu s . In B.P, 
R ou rke  (Ed.), N onve rba l le a rn ing  d isab ility : The synd rom e an d  the m ode l. N e w  York: G u ilfo rd  Press.
F le tcher, J. M., B rooksh ire , B. L., Landry, S. H., & B ohan, T. P. (1996). A t te n t io n a l sk ills  and e x e c u tiv e  fu n c t io n s  
in c h ild re n  w ith  e a rly  h yd ro c e p h a lu s . D eve lop m en ta l N europsychology, 12, 53-76.
F le tcher, J. M., C o p e la nd , D. R., Frederick , J., Blaser, S. E., K ram er, L. A., N o r th ru p , H. e t al. (2005). Sp ina l lesion 
leve l in sp ina b ifid a : A source  o f  ne u ra l and  c o g n it iv e  h e te ro g e n e ity . J o u rn a l o f  Neurosurgery, 102, 
268-279.
F le tcher, J. M., Francis, D. J., T h o m p s o n , N. M., D av id son , K. C., &  M ine r, M . E. (1992 b). V e rb a l and  n o n ve rb a l skill 
d isc re p a nc ies  in h yd ro c e p h a lic  c h ild re n . Jo u rn a l o f  C lin ica l and  E xpe rim en ta l Neuropsycho logy, 14, 
593-609.
F le tcher, J. M., N o rth ru p , H., Landry, S. H., K ram er, L. A., & B rand t, M. (2004). Sp ina b ifid a : G enes, b ra in , anc 
d e v e lo p m e n t. In te rn a t io n a l Review  o f  Research in  M e n ta l Re ta rda tio n , 29, 63-117.
Fre em a n , J. M. (1998). C h a n g in g  e th ic a l issues in th e  t re a tm e n t o f  sp ina b ifid a : A p e rsona l od yssey. M en ta l 
R e ta rd a tio n  and  D eve lop m en ta l D isab ilities Research Reviews, 4, 302-307.
G ilb e r t, J. N., Jones, K. L., Rorke, L. B., C h e rn o ff, G. F., & Jam es, H. E. (1986). C en tra l n e rv o u s  sys te m  a n o m a lie s
27
C h ap te r  1
assoc ia ted  w ith  m e n in g o m y e lo c e le , h yd ro c e p h a lu s , and  th e  A rn o ld -C h ia r i m a lfo rm a tio n : Reappra isa l o f  
th e o r ie s  reg a rd ing  th e  p a th o g e n e s is  o f  p o s te r io r  ne u ra l tu b e  c losu re  d e fe c ts . Neurosurgery, 18, 
559-56 4.
H annay, H. J. (2000). F u n c tio n in g  o f  th e  c o rp u s  c a llo su m  in c h ild re n  w ith  ea rly  hyd ro c e p h a lu s . J o u rn a l o f  the 
In te rn a t io n a l N europsycho log ica l Society, 6, 351-361.
H e th e r in g to n , R. & D enn is , M . (1999). M o to r  fu n c t io n  p ro file  in  c h ild re n  w ith  ea rly  hyd ro ce p ha lus . 
D eve lopm en ta l N eu rop sycho log y 15, 25-51.
H o lm b e c k , G. N. & D ev ine , K. A. (2010). P sychosoc ia l and  fa m ily  fu n c t io n in g  in  sp ina b ifid a . D eve lopm en ta l 
D isab ilities Research Reviews, 16, 4 0 -4 6 .
H orn , D., Lo rch, E., Lo rch, R., & C u la tta , B. (1985). D is t ra c ta b ility  and  v o c a b u la ry  d e fic its  in c h ild re n  w ith  spina 
b ifid a  and  hyd ro c e p h a lu s . D eve lopm en ta l M ed ic ine  a n d  Ch ild  N eu ro lo g y  27, 713-720.
H ub e r-O kra in e c , J., D enn is , M., B re tts c h n e id e r, J., & S p ieg le r, B. J. (2002). N e u ro m o to r  speech d e fic its  i r  
c h ild re n  and a d u lts  w ith  sp ina b ifid a  and  hyd ro c e p h a lu s . Brain and  Language, 80, 592-602.
H u n t, G. M . & O a ke sh o tt, P. (2003). O u tc o m e  in p e o p le  w ith  o p e n  sp ina b ifid a  a t age 35: P rosp ec tive  
c o m m u n ity  based c o h o r t  s tud y . British M ed ica l Jou rna l, 326, 1365-1366.
H u n t, G. M., O a ke sh o tt, P., &  Kerry, S. (1999). L ink b e tw e e n  th e  CSF s h u n t and  a c h ie v e m e n t in a d u lts  w ith  
sp ina b ifid a . Jo u rn a l o f  Ch ild  Psycho logy a n d  P sych ia try  67, 595.
H u n t, G. M. & P o u lto n , A. (1995). O p en  sp ina b ifid a : A c o m p le te  c o h o r t re v ie w e d  25 years a fte r  c losu re . 
D eve lopm en ta l M ed ic ine  and  C h ild  N eu ro log y  37, 29.
H urley, A. D., D o rm a n , C., Laatsch, L., Bell, S., &  D 'A v ig n o n  J. (1990). C o g n it iv e  fu n c t io n in g  in p a tie n ts  w ith  
sp ina b ifid a , h yd ro c e p h a lu s , and  th e  "c o c k ta il p a r ty  s y n d ro m e ". D eve lopm en ta l N eu rop sycho log y  6, 
151-172.
Id d on , J. L., M o rg a n , D. J., Loveday, C., S ahakian , B. J., &  P ickard, J. D. (2004). N e u ro p syc h o lo g ic a l p ro fi le  o f  
y o u n g  a d u lts  w ith  sp ina b ifid a  w ith  o r  w ith o u t  hyd ro c e p h a lu s . Jo u rn a l o f  N eu ro log y  Neurosu rge ry and  
Psych iatry , 75, 1112-1118.
Ju rane k, J., D enn is , M., C ir in o , P. T., E l-M ess id i, L., &  F le tch er, J. M . (2010). T h e  c e re b e llu m  in c h ild re n  w ith  spina 
b ifid a  and  C h ia ri II m a lfo rm a tio n : Q u a n t ita t iv e  v o lu m e tr ic s  by re g io n . Cerebellum , 9, 240-248.
Ju rane k, J., F le tcher, J. M., Hasan, K. M., Breier, J. I., C ir in o , P. T., P azo -A lva rez , P. e t al. (2008). N e o c o rtic a l 
re o rg a n iz a tio n  in sp ina b ifid a . N euro im age , 40, 1516-1522.
Ju rane k, J. & Sa lm an , M. S. (2010). A n o m a lo u s  d e v e lo p m e n t o f  b ra in  s t ru c tu re  and  fu n c t io n  in sp ina b ifida 
m y e lo m e n in g o c e le . D eve lopm en ta l D isab ilities Research Reviews, 16, 23-30.
K inasha, A. D. & M a n ji, K. (2002). T h e  in c id e n c e  and  p a tte rn  o f  ne u ra l tu b e  d e fe c ts  in Dar es Salaam , Tanzan ia . 
European J o u rn a l o f  Paed ia tric  Surgery, 12, S38-39.
K om p a n je , E. J., de Jong , T. H., A rts , W. F., &  R o tte ve e l, J. (2005). P ro b le m a tisc h e  basis v o o r  'u itz ic h t lo o s  en 
o n d ra a g lijk  li jd e n ' als c r ite r iu m  v o o r  a c tie v e  le v e n s b e ë in d ig in g  bij p a s g e b o re n e n  m e t sp ina b ifida 
[Q u e s tio n a b le  basis fo r  'h o p e le ss  and u n b e a ra b le  s u ffe r in g ' as th e  c r ite r io n  fo r  th e  a c tive  te rm in a t io n  o f  
life  in n e w b o rn s  w ith  sp ina b ifida]. Nederlands T ijd sch rift vo o r Geneeskunde, 149, 2067-2069.
Laurence, K. (1974). E ffe c t o f  ea rly  su rg e ry  fo r  sp ina b ifid a  o n  su rv iva l and  q u a lity  o f  life . Lancet, 1, 301-304.
Leck, I. (1966). C hang es in th e  in c id e n c e  o f  neu ra l tu b e  d e fe c ts . Lancet, 2, 791-793.
Lezak, M . (1995). N europsycho log ica l assessment. (3rd ed.) N e w  York: O x fo rd  U n iv e rs ity  Press.
L in d q u is t, B., C arlsson , G., Persson, E. K., & U ve b ra n t, P. (2005). Lea rn ing  d is a b ilit ie s  in a p o p u la tio n -b a s e d  
g ro u p  o f  c h ild re n  w ith  hyd ro c e p h a lu s . Ac ta  Paed ia trica , 94, 883.
Lo lla r, D. J. (1990). Lea rn in g  p a tte rn s  a m o n g  sp ina b ifid a  c h ild re n . Z e itsc h rift fu rK inde rch iru rg ie , 45, 39.
Lom ax-B re am , L. E., Barnes, M., C o p e la n d , K., Taylo r, H. G., &  Landry, S. H. (2007). T h e  im p a c t o f  sp ina b ifid a  on  
d e v e lo p m e n t across th e  f irs t  3 years. D eve lopm en ta l Neuropsycho logy, 31, 1-20.
Lorber, J. (1971). R esu lts o f  tre a tm e n t o f  m y e lo m e n in g o c e le . A n  ana lys is  o f  524 u n se le c te d  cases, w ith  specia l 
re fe re nc e  to  p oss ib le  se le c tio n  fo r  tre a tm e n t.  D eve lopm en ta l M ed ic ine  a n d  Ch ild  N euro logy, 13, 279-303.
Lorber, J. (1974). S e le c tive  tre a tm e n t o f  m y e lo m e n in g o c e le : To  tre a t o r  n o t to  trea t?  Pediatrics, 53, 307.
Loss, N., Yeates, K. O., & Enrile , B. G. (1998). A t te n t io n  in c h ild re n  w ith  m y e lo m e n in g o c e le . Child  N europsycho l­
ogy, 4, 7-20.
M a h o n e , E. M., Z abe l, A., Levey, E., Verda , M., & K insm an, S. (2002). P a re n t and  s e lf- re p o rt ra ting s  o f  ex e c u tiv e
28
G enera l i n t r o d u c t io n
1
fu n c t io n  in a d o le s c e n ts  w ith  m y e lo m e n in g o c e le  and  h yd ro c e p h a lu s . Child  Neuropsycho logy, 8, 258-270.
M irsky, A. F., A n th o n y , B. J., D u nc a n , C. C., A he a rn , M. B., &  K e llam , S. G. (1991). A na lys is  o f  th e  e le m e n ts  o f  
a tte n t io n :  A n e u ro p s y c h o lo g ic a l ap p ro a ch . N europsycho log ica l Review, 2, 109-145.
M itc h e ll, L. E., A dzick, N. S., M e lc h io n n e , J., P asq u a rie llo , P. S., S u tto n , L. N., & W h ite h e a d , A. S. (2004). Spina 
b ifid a . The Lancet, 364, 1885-1895.
M u e lle r, T., A rb e ite r, K., & A u fr ic h t, C. (2002). Renal fu n c t io n  in m e n in g o m y e lo c e le : Risk fa c to rs , c h ro n ic  renal 
fa ilu re , renal re p la c e m e n t th e ra p y  and  tra n s p la n ta t io n . C urren t O p in io n  in  U ro logy, 12, 479 -48 4 .
N o rr lin , S. &  D ah l, M. (2004). C o n tro l o f  reach in g  m o v e m e n ts  in c h ild re n  and  y o u n g  a d u lts  w ith  m y e lo m e n in ­
g oc e le . D eve lop m en ta l M ed ic ine a n d  Child  N eu ro log y  46, 28-33.
O a ke sh o tt, P. & H un t, G. M. (2003). L o n g -te rm  o u tc o m e  in o p e n  sp ina b ifid a . British J o u rn a l o f  Genera l Practice, 
53, 636.
O akley, G. P. jr. (2002). G lob a l p re v e n tio n  o f  all fo lic  a c id -p re v e n ta b le  sp ina  b ifid a  and  a n e n c e p h a ly  by 2010. 
C o m m u n ity  Genetics, 5, 70-77.
Pa l-de  B ru in , K. M. (2000). G e b o o rte p re v a le n t ie  va n  n e u ra a lb u is d e fe c te n  v o o r  en na c a m p a g n e  v o o r  p e ri- 
c o n c e p tio n e e l fo liu m z u u rg e b ru ik . [P reva lence , c lin ic a l asp ec ts  and  p rog n os is  o f  ne u ra l tu b e  d e fe c ts  i r  
b ir th s  b e fo re  and  a fte r  p ro m o t io n  o f  p e r ic o n c e p tio n a l fo lic  ac id  s u p p le m e n ta tio n ] . Nederlands T ijd schrift 
v o o r Geneeskunde, 144, 1732-1736.
Rose, B. M. & H o lm b e c k , G. N. (2007). A t te n t io n  and e x e c u tiv e  fu n c t io n s  in a d o le s c e n ts  w ith  sp ina b ifida . 
J o u rn a l o f  Ped iatric Psychology, 32, 983-994.
Rossi, A., C am a, A., P ia te lli, G., R aveg nan i, M., B ianche ri, R., &  T o r to r i-D o n a ti,  P. (2004). S p ina l d ys ra p h ism : MR 
im a g in g  ra tio n a le . J o u rn a l o f  N euro rad io logy , 31, 3-24.
R o tte ve e l, J. J., M u lla a r t, R. M., G abreë ls, F. J. M., & va n  O ve rb e eke , J. J. (1996). A c tie ve  le v e n s b e ë in d ig in g  bij 
p a s g e b o re n e n  m e t sp ina b ifida? [A c tive  e n d -o f- li fe  d ec is ions  in n e w b o rn s  w ith  sp ina b ifida?]. Nederlands  
T ijd sch rift v o o r Geneeskunde, 140, 323-324.
S co tt, M. A., F le tcher, J. M., B rooksh ire , B. L., D av id son , K. C., Landry, S. H., B ohan, T. P. e t al. (1998). M e m o ry  
fu n c t io n s  in c h ild re n  w ith  ea rly  h y d roce p ha lus . N europsycho logy 12, 578-589.
Sha ffe r, J., F rie d rich , W. N., S h u r tle ff , D. B., & W o lf, L. (1985). C o g n it iv e  and  a c h ie v e m e n t s ta tu s  o f  c h ild re n  w ith  
m y e lo m e n in g o c e le . J o u rn a l o f  Ped ia tric  Psycho logy 10, 325-335.
Sh in , M., Besser, L. M., S iffe l, C., Kucik, C. A., Shaw , G. M., Lu, C. e t al. (2010). P reva le nce  o f  sp ina b ifid a  a m o n g  
c h ild re n  and  a d o le s c e n ts  in 10 re g io ns  in th e  U n ite d  States. Pediatrics, 126, 274-279.
S te ven son , K. L. (2004). C h ia ri Typ e  II m a lfo rm a tio n : Past, p resen t, and  fu tu re . N eurosurg ica l Focus, 16, 1-7.
S w a r tw o u t,  M. D., C ir in o , P. T., H a m p son , A. W., F le tch er, J. M., B rand t, M., &  D enn is , M . (2008). S us ta ined  
a t te n t io n  in c h ild re n  w ith  tw o  e t io lo g ie s  o f  ea rly  hyd ro c e p h a lu s . Neuropsycho logy, 22, 765-775.
Tarazi, R. A., Z ab e l, A., &  M a h o n e , E. M. (2008). A g e -re la te d  d iffe re n c e s  in e x e c u tiv e  fu n c t io n  a m o n g  c h ild re n  
w ith  sp ina b if id a /h y d ro c e p h a lu s  based o n  p a re n t b e h a v io r  ra ting s . C lin ia l N eu rop sycho log y 22, 
585 -602 .
Taylo r, H. B., Landry, S. H., Barnes, M., Sw ank , P., C ohe n , L. B., &  F le tcher, J. M. (2010). Early in fo rm a tio n  
p roc ess ing  a m o n g  in fa n ts  w ith  and  w ith o u t  sp ina b ifid a . In fa n t B ehav io r and  D eve lopm ent, in  press.
Tew, B., Laurence, K., &  R ichards, A. (1980). In a t te n t io n  a m o n g  c h ild re n  w ith  h yd ro c e p h a lu s  and  sp ina b ifida . 
Ze itsc h rift fu r  K inderchirurg ie , 31, 381-385.
T h o m s o n , J. D. & Segal, L. S. (2010). O rth o p e d ic  m a n a g e m e n t o f  sp ina b ifid a . D eve lopm en ta l D isab ilities  
Research Reviews, 16, 96-103.
Vachha , B. & A dam s, R. (2005). M y e lo m e n in g o c e le , te m p e ra m e n t p a tte rn s , and  p a re n ta l p e rc e p tio ns . 
Pediatrics, 115, e58-e6 3.
V e rh a g e n , A. A., Sol, J. J., B rouw e r, O. F., & Sauer, P. J. (2005). A c tie ve  le v e n s b e ë in d ig in g  bij p a s g e b o re n e n  in 
N ed e rland ; an a lyse  va n  a lle  22 m e ld in g e n  u it 1997 /2 0 04  [D e lib e ra te  te rm in a t io n  o f  life  in n e w b o rn s  in 
T h e  N e th e rla n d s ; re v ie w  o f  all 22 re p o rte d  cases b e tw e e n  1997 and  2004]. Nederlands T ijd sch rift voo r 
Geneeskunde, 149, 183.
V e rh o e f, M., Barf, H. A., va n  A sbeck, F. W., G ooskens, R. H. J. M., &  Prevo, A. J. H. (2004). S e c o n d a ry  im p a irm e n ts  
in y o u n g  a d u lts  w ith  sp ina b ifid a . D eve lopm en ta l M ed ic ine  a n d  Child  Neuro logy, 46, 420-427.
Verm aes, I., Janssens, J., Bosm an , A. M., &  G erris, J. (2005). P a ren ts ' p sy c h o lo g ic a l a d ju s tm e n t in fa m ilie s  o f
29
C h ap te r  1
c h ild re n  w ith  sp ina b ifid a : a m e ta -a n a lys is . BMC Pediatrics, 25, 32.
Ve rm aes, I., Janssens, J., & G erris, J. (2004). P a re n ta l a d a p ta tio n  to  ha v in g  a c h ild  w ith  sp ina b ifid a : A 
d e v e lo p m e n ta l p e rsp e c tive . Cerebrosp ina l F lu id  Research, 1.
W a llan d e r, J. L., Fe ld m a n , W. S., & V a rn i, J. W. (1989). Physical s ta tu s  and  p sych o so c ia l a d ju s tm e n t in c h ild re r  
w ith  sp ina b ifid a . J o u rn a l o f  Ped ia tric  Psychology, 14, 89-102.
W ie d e n b a u e r, G. & Ja n se n -O sm a n n , P. (2006). S p atia l k n o w le d g e  o f  c h ild re n  w ith  sp ina b ifid a  in a v ir tu a l 
la rg e -sca le  space. Brain and  C ogn ition , 62, 120-127.
W ills , K. E. (1993). N e u ro p s y c h o lo g ic a l fu n c t io n in g  in c h ild re n  w ith  sp ina b ifid a  a n d /o r  h y d ro ce p ha lus . 
Jo u rn a l o f  C lin ica l C h ild  Psychology, 22, 247-265.
W ills , K. E., H o lm b e c k , G. N., D illo n , K., &  M cLon e , D. G. (1990). In te llig e n c e  and  a c h ie v e m e n t in c h ild re n  w ith  
m y e lo m e n in g o c e le . J o u rn a l o f  Ped ia tric  P sych ia try  15, 161-176.
Yeates, K. O., E nrile , B. G., Loss, N., B lu m e n s te in , E., & Delis, D. C. (1995). V e rb a l le a rn in g  and  m e m o ry  in c h ild re n  
w ith  m y e lo m e n in g o c e le . Jo u rn a l o f  Ped ia tric  Psycho logy 20, 801-815.
30
1G enera l i n t r o d u c t io n
31

2 Arnold-Chiari II malformation and cognitive functioning in spina bifida
Anja Vinck 1 • Ben Maassen 1 • Reinier Mullaart 2 • Jan Rotteveel 2
1 D epartm en t o f M edical P sycho logy/ Pediatric Neuro logy, Radboud Un ive rs ity  N ijm egen M edical Centre , T h e  Netherlands
2 D epa rtm en t o f Ped iatric N euro logy, Radboud Un ive rs ity  N ijm egen M edical Centre , T h e  Netherlands
Journal o f Neurology, Neurosurgery, and Psychiatry, 2006, 77(9)1083-1086
C h ap te r  2
Abstract
Objectives: Spina bifida is a multifaceted neurological condition w ith a complex of 
neuropsychological sequelae. The cognitive outcome in spina bifida has frequently 
been attributed to the severity of the hydrocephalus. However, because of complex 
neuropathology the influence of hydrocephalus alone does not sufficiently explain 
the deficits in the cognitive profile in spina bifida. To date, little is known of the role of 
Arnold-Chiari II malformation (ACM) in the cognitive profile of these patients. Aim of 
the present study is to delineate the specific contribution o f the ACM in spina bifida 
by comparing children w ith ACM and those w ithou t ACM.
Methods: Fourty-six children between six and fifteen years o f age underwent a neuro­
psychological assessment covering intelligence and a wide range of cognitive 
functions, like visuomotor processing, attention, memory, word fluency, and speed of 
information processing. Comparisons were made between patients w ith ACM (ACM+) 
and w ithou t ACM (ACM-); all children w ith ACM+ also had hydrocephalus. Confounding 
effects o f global cognitive impairment were eliminated, such that groups were 
matched on verbal IQ. Because of complex neuropathology, which is inherent to spina 
bifida, the method applied was based on a comparison o f cognitive profiles o f the 
study group w ith profiles of patients w ith cerebellar damage and hydrocephalus 
found in the literature.
Results: Children w ith ACM showed impaired visual analysis and synthesis, verbal 
memory, and verbal fluency, even after correction for global cognitive impairment. 
Conclusion: The present data support the hypothesis that in addition to impairment 
in visual analysis and synthesis, which are related to both hydrocephalus and ACM, 
specific deficiencies in verbal memory and fluency may be attributed to ACM.
Abbreviations: SBH, spina bifida hydrocephalus; HC, hydrocephalus; ACM, 
Arnold-Chia ri malformation; ACM +, patients w ith SB and ACM; ACM-, patients w ith SB 
but w ithou t ACM; WISC-III, Wechsler Intelligence Scale for Children 3rd ed.; TIQ, total 
intelligence quotient; PIQ, performance intelligence quotient; VIQ, verbal intelligence 
quotient
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Spina bifida is a heterogeneous congenital disorder w ith complex physical and neuro­
psychological symptomatology. It is associated w ith developmental anomalies of 
both the spine and the central nervous system. Different forms of spina bifida can be 
distinguished, varying from mild to severe. The most common form is myelomenin­
gocele. Nearly all children w ith myelomeningocele develop a hydrocephalus (HC) and 
have Arnold-Chiari II malformation (ACM). ACM involves a low tentorium insertion; 
herniation o f the posterior fossa content; and beaking of the mesencephalic tectum.1
Owing to improved diagnosis and treatment children w ith spina bifida and 
hydrocephalus (SBH) are more likely to have a total IQ w ith in the normal range than in 
previous decades.2 3 Until now, the cognitive impairments in spina bifida have 
frequently been attributed to the severity of the hydrocephalus and associated 
complications such as shunt revisions, infections, or seizures.4-11 However, in spina 
bifida, the conditions HC and ACM do not occur independently. Consequently, the 
influence of hydrocephalus alone does not sufficiently explain the deficits in the 
cognitive profile of these patients. Until now, little research has been conducted on 
the specific role of ACM. Some evidence suggests that ACM influences motor and 
cognitive development in SBH.12 In particular, deficits in perceptual and motor tim ing13 
and speech dysfluencies14 have been related to cerebellar dysmorphologies associated 
w ith spina bifida.
The purpose of our study was to explicitly acknowledge the specific contribution 
of the ACM in the cognitive profile o f children w ith spina bifida. Because of the 
complex neuropathological conditions o f patients w ith spina bifida mentioned above, 
the method applied was based on comparisons of cognitive profiles of our study 
group w ith profiles o f patients w ith cerebellar damage and HC found in the literature. 
Our premise is that tasks that rely on cognitive functions such as automation, verbal 
fluency and visual processing are subserved by cerebellar structures, and thus could 
be disrupted in SBH due to cerebellar malformation. For this, a complete neuro­
psychological test battery, including tests for cerebellar cognitive functions was 
administered to tw o groups o f children w ith SB, those w ithou t ACM (ACM-) and those 
w ith ACM (ACM+).
Method
Study group
The study group was selected, using the following inclusion criteria: 1) born w ith 
spina bifida in our hospital or admitted for surgery later on; 2) date of birth between
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1 January 1988 and 31 December 1997; 3) T1-weighted magnetic resonance images 
(MRI) conclusive for absence or presence o f ACM. The diagnosis of this condition was 
based on the MRI criteria defined by Stevenson (2004).1
Seventy-eight children fulfilled these inclusion criteria. For various reasons (refusal 
to participate, foreign language, profound retardation precluding formal testing), 32 
of the 78 selected patients could not be adequately examined. Thus, the final study 
group consisted of 46 children. All children underwent spinal surgery w ithin 5 years 
after birth.
To assess the effect of ACM, subgroups of children w ithou t ACM (ACM-) and with 
ACM (ACM+) were formed. Furthermore, nonretarded ACM- and ACM+ groups were 
selected on the basis o f a verbal IQ o f 75 or above on the Wechsler-Intelligence 
Scale-III (WISC-III).15 In this way, the possible confounding effects of global cognitive 
impairment were eliminated.
At the time of assessment children were between 6 and 15 years of age. Mean age 
and age range of the subgroups are presented in table 1.
The experimental procedures of this study were approved by the Committee on 
Research Involving Human Subjects (CMO Regio Arnhem-Nijmegen, Nijmegen, The 
Netherlands) of the Radboud University Nijmegen Medical Centre. Written consent 
was obtained from the parents of each subject.
Procedure
All children underwent an individual neuropsychological assessment, tw o assessment 
sessions for most children. The order o f the neuropsychological tests was fixed. The 
total duration of the psychological assessment varied between 3.5 and 5 hours.
Measures
The neuropsychological assessment intended to cover the following cognitive 
functions: intelligence, visual analysis and synthesis, visuomotor functioning, (non) 
verbal memory, processing speed, verbal skills, and verbal fluency. Subtests o f three 
different test batteries were used (Wechsler-Intelligence Test, WISC-III; Kaufman-ABC, 
K-ABC; and Revised Amsterdam Kinder Intelligentie Test, RAKIT) along w ith Stroop 
Color-Word Test, Bourdon-Vos Concentration Test, Beery's Visuomotor Integration 
(VMI), and 15-Words-Test.16
For the Stroop Color-Word Test, the subtests o f the RAKIT, and the 15-Words-Test, 
the oldest children passed the limits of the age norm. In these cases the highest age 
norms were applied.
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Statistical analysis
Statistical analyses were carried out w ith SPSS 12.0.1 for Windows. Analyses of variance 
(ANOVAs) were used to examine the differences in ACM- and ACM+ w ith regard to 
verbal and performance intelligence (VIQ and PIQ), and also the discrepancy between 
both (VIQ-PIQ). Multivariate analyses o f variance (MANOVAs) were conducted w ith the 
different subtests for each cognitive function as dependent variables and group 
(ACM- versus ACM+) as an independent variable. The same analyses were then carried 
out for the nonretarded groups (VIQ>75ACM- versus VIQ>75ACM+). Significance was 
considered for each of the ANOVAs when p<0.05. Because of the large number of 
comparisons in MANOVAs, the alpha significance level .05 was adjusted using the 
Bonferroni correction.
Results
Cognitive outcome
In the complete group, the factor ACM was significant: ACM+ children had a lower 
VIQ, PIQ (see also scatterplot fig 1 and table 1), and TIQ than ACM- children. In the 
nonretarded group, these differences were smaller and reached statistical significance 
only for PIQ and TIQ. In this nonretarded group, ACM+ and ACM- children matched 
well on VIQ. Overall, discrepancies between VIQ and PIQ were significant for both the 
complete and the nonretarded group.
Cognitive profile
In the complete group, ACM+ children (all ACM+) were significantly impaired on all 
tests as compared w ith ACM- children (all ACM-), because of global cognitive 
impairment. Therefore, to assess differences in cognitive profile, we focused on a 
comparison of the nonretarded ACM- w ith the nonretarded ACM+ group (VIQ>75ACM- 
versus VIQ>75ACM+).
The MANOVAs indicated significant main effects for visual analysis and synthesis, 
verbal memory, and verbal fluency.
Mean scores, standard deviations and p-values of MANOVAs are reported in table 2.
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Table 1 Mean scores (stdev) o f cognitive outcom e
AIIACM- AIIACM+ F
N 19 27
Ages (Age range) 10;0(6;6-14;11) 10;3 (6;4-15;1)
VIQ 95.8(15.3) 80.3 (17.4) F(1,44)=9.9
PIQ 94.2(16.0) 68.2 (16.5) F(1,44)=28.5
TIQ 94.5 (15.8) 72.6(16.6) F(1,44)=20.2
VIQ-PIQ 1.6(13.1) 12.1 (11.14) F(1,44)=8.5
Note.
A significance level o f  p<.05 was used
sign. VIQ>75ACM- VIQ>75ACM+ F sign.
17 17
9;7 (6;6-14;11) 9;8 (6;4-12;9)
.003 98.9 (12.9) 91.3(9.1) F(1,32)=4.0 .055
.000 97.5 (13.3) 77.7(11.9) F(1,32)=20.9 .000
.000 97.9 (12.7) 83.5 (8.2) F(1,32)=15.5 .000
.006 1.47 (13.9) 13.6(12.5) F(1,32)=7.2 .012
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Figure 1 Scatterplot of individual VIQ and PIQ scores per group
O  ACM- 
•  ACM+
2
60 70 80 90 100 110 120 13C
PIQ
U n in te rru p te d  lines in d ic a te  th e  m ean  V IQ  (h o riz o n ta l line) and  m e an  PIQ (ve rtic a l line) fo r  th e  A C M +  
g ro u p . D o tte d  lines d isp lay  m e an  V IQ  and  PIQ o f  th e  A C M - g ro u p .
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o Table 2 Mean scores (stdev) of cognitive profile and results of the multivariate analyses of variance
Test Battery VIQ>75ACM- n VIQ>75ACM+ n F sign.
Visual analysis and synthesis 17 17
Picture completion WISC-III 10.7 (2.6) 8.4 (2.5)
Object assembly WISC-III 9.2 (2.8) 5.9 (3.1)
Picture arrangement WISC-III 9.8 (2.2) 5.8 (2.1) F(5,28)=6.59 .000
Block design WISC-III 9.5 (2.7) 7.5 (2.6)
Gestalt closure K-ABC 10.1 (2.5) 8.4 (3.8)
Visuomotor function 14 15
Mazes WISC-III 10.0 (2.1) 7.8 (3.6)
VMI ss Beery 98.9 (8.7) 90.1 (8.3) F(3,25)=4.43 .012
Discs RAKIT 15.9(5.3) 10.5 (5.4)
Verbal memory 17 16
15WordTest total 46.2 (9.6) 34.1 (12.7)
15WordTest recall 10.1 (2.8) 6.1 (3.3) F(4,28)=5.67 .002
Word order K-ABC 10.5 (2.2) 7.8 (3.0)
Digit Span WISC-III 10.4(2.4) 8.6 (2.0)
Nonverbal memory 17 17
Hand movements K-ABC 10.4(2.2) 9.8 (2.6) F(2,31)=1.12 .34
Spatial memory K-ABC 9.8 (2.6) 8.4 (2.9)
Processing speed 12 13
Coding WISC-III 9.2 (2.2) 6.5 (3.8)
Symbol search WISC-III 10.5 (2.8) 7.4 (3.3) F(4,20)=1.73 .182
Stroop_color' 89.1 (22.0) 99.0 (22.1)
BourdonRT_tot' 19.9(5.2) 21.7 (6.7)
Verbal skills 17 17
Similarities WISC-III 10.4(2.8) 8.3 (2.3)
Comprehension WISC-III 9.5 (1.7) 8.1 (2.2) F(4,29)=1.82 .152
Vocabulary WISC-III 10.1 (2.9) 8.9 (1.8)
Arithmetics WISC-III 9.7 (2.4) 8.4 (3.4)
Verbal Fluency RAKIT 14.2 (4.7) 17 8.5 (4.4) 17 F(1,32)=12.8 .001
Notes.
A significance level of p<.05 was adjusted using Bonferronl correction.
u. Score represents time to perform, so high scores Indicates poor (slow) performance
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Discussion
The aim of our study was to delineate the specific influence of ACM in the cognitive 
profile of patients with spina bifida. Results showed that ACM+ patients had a 
significantly lower PIQ than ACM- patients, even after eliminating the confounding 
effect of global cognitive impairment. In the nonretarded group, the patients with 
and without ACM matched well on VIQ, which is not supposed to be associated with 
cerebellar dysfunction.
In terms of cognitive profile, the ACM+ group performed particular poorly on tests 
requiring visual analysis and synthesis, verbal memory, and verbal fluency. As all ACM+ 
patients also had hydrocephalus, which is inherent to myelomeningocele, it is difficult 
to separate out the influences of HC and ACM on cognitive impairment. Two methods, 
however, were applied to delineate the specific effect of the ACM. Firstly, the 
confounding effect of hydrocephalus was reduced by selecting nonretarded ACM- 
and ACM+ groups matched on VIQ, leaving those patients who had a mild or well 
treated hydrocephalus. Secondly, the specific characteristics of the cognitive profile 
were compared to the neuropsychological literature on cerebellar disorders and 
hydrocephalus.
Recently, evidence has been presented that the cerebellum is part of a cerebro­
cerebellar network and contributes to motor processes and also to cognitive 
functions.17 18 Our study suggests the role of the cerebellum in both motor speed and 
coordination as well as higher cognitive functioning in patients with spina bifida. The 
nonretarded ACM+ group showed impaired visual analysis and synthesis. On the one 
hand, considering the aspects of visuomotor integration of the tasks, low performances 
could be attributed to hydrocephalus.4 10 On the other hand, poor performances on 
these tasks could, in addition to hydrocephalus, reflect reduced processing speed 
and poor visuospatial function related to cerebellar malformation.17-20
Furthermore, results revealed deficits in verbal memory and fluency among ACM+ 
patients. This finding is consistent with the pattern of cognitive impairment reported 
in subjects with cerebellar damage.21 20 18 Although deficits in verbal memory and 
verbal fluency have also been related to hydrocephalus in earlier studies,22 11 23 most 
of those studies are limited by a selection bias (inclusion of patients with hydrocephalus 
of heterogeneous aetiologies11 9 23, or spina bifida of diverging severity6) or by an un­
derestimation of the confounding influence of the ACM.6 11 22 Given the co-occurrence 
of hydrocephalus and ACM in patients with spina bifida, we conclude that the deficits 
in verbal memory and fluency must most likely be ascribed to the cerebellar 
malformation.
42
A r n o ld -C h ia r i  II m a l f o r m a t io n  and  c o g n i t i v e  f u n c t i o n i n g  in spina bif ida
To conclude, the current data support the hypothesis that hydrocephalus alone is 
not a sufficient explanation of the cognitive deficits in spina bifida. It seems that 
impaired visual analysis and synthesis are related to both hydrocephalus and ACM, 
whereas deficiencies in verbal memory and fluency may be attributed to ACM. As 
spina bifida is associated with complex neuropathology, further disentangling the 
contribution of the different additional malformations requires studies correlating 
anatomical neuroimaging data with cognitive measures.13
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Abstract
Background: Children with the severe form of spina bifida (SBM: spina bifida with 
myelomeningocele with accompanying hydrocephalus) may manifest attention 
deficits, and have a similar psychological profile to children with hydrocephalus due 
to other etiologies. It is unclear to what extent tests to assess attention in SBM are 
confounded by the accompanying cognitive or visuomotor impairments. The aim of 
this study was to analyse attention functions by administering two different types of 
attention tests, one with high and the other with low cognitive and motor 
requirements. This enabled the possible interaction between attention and cognitive 
and motor impairment to be assessed.
Methods: The study group comprised 31 children with SBM with shunted hydro­
cephalus. Twenty children with SB-only formed a closely matched comparison group. 
Of these, 19 children with SBM and 18 with SB had a full-scale IQ (FSIQ) higher than 70. 
All had undergone spinal surgery and all children with SBM had been shunted within 
the first months of life. Between 6 and 15 years of age, the children were assessed on 
focused and sustained attention, encoding, and distractibility/impulsivity, using both 
traditional tests and computerized attention tests.
Results: Compared to the SB group, attention scores of children with SBM were lower 
on the traditional tests, but when interfering cognitive and visuomotor requirements 
were eliminated using the computerized tasks, most differences disappeared. 
Furthermore, in contrast to traditional attention tasks, computerized tests showed no 
significant correlations with IQ-scores and visuomotor skills.
Conclusion: Assessment of attention functions in children with SBM by traditional 
tests may be misleading, because this paediatric population with complex cerebral 
malformations has difficulty with the cognitive and visuomotor requirements. To 
control for these interactions, the use of both traditional and computerized attention 
tests is recommended.
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Background
Spina bifida (SB) is a neuro-embryological disorder with complex physical and neu­
ropsychological morbidity. The majority of children with myelomeningocele (SBM), 
the severe form of SB, develop hydrocephalus and associated cerebral malformations 
of the posterior cortex and white matter, midbrain, cerebellum, and corpus callosum 
[1-4]. The intellectual skills of children with SBM are often in the low average to average 
range. The cognitive profile of children with SBM is in many respects similar to that of 
children with hydrocephalus of different etiologies , with verbal skills being typically 
more advanced than nonverbal problem-solving skills [5-8]. Cognitive impairments 
associated with hydrocephalus and/or SBM may affect academic performance [9], and 
include deficits in visual perception [10], motor skills [11-13], and memory [14,15]. The 
relatively intact verbal skills in children with SBM may be deficient in areas such as 
verbal memory [15], discourse and idiom comprehension [16], speech fluency, and 
articulation [17]. Thus, in these children the cerebral malformations have considerable 
impact on their neurobehavioral outcomes.
Recent attention studies indicate that children with SBM tend to have difficulties 
with encoding, sustaining, focusing, and shifting attention [18-20]. Both the parents 
and teachers of these children often report problems in these areas, as well as in 
closely related executive functions [19,21,22]. A drawback of current psychometric 
measures of attention is that performance on most attention tests depends heavily 
on additional cognitive and motor functions, which may cause measurement bias in 
cases where these additional functions are deficient, to such an extent that they 
interfere with execution of the primary attention task. Consequently, the assessment 
of attention in SBM might be confounded by deficits in the visuomotor [8], verbal 
memory [15], and fine motor domains [11,23,24]. A similar kind of reasoning was 
suggested by Fletcher eta l. [19], who argued that the observed differences between 
children with and those without hydrocephalus on measures of focused attention, 
were primarily attributable to motor deficiencies rather than to attention deficits per 
se. In contrast, the findings by Brewer et al. [18] and Loss et al. [20] suggested that even 
when demands on response speed and motor control were minimized, children with 
hydrocephalus continued to display attention problems. These studies demonstrated 
that interpretation of test results on attention in this population was not as straight­
forward as in a population without visuomotor deficits. This led us to hypothesize that 
in order to assess attention in children with SBM adequately, special tests are required 
that would take into account the interference from other deficits and preferably 
eliminate any confounding factors.
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The aim of the present study was to analyze to what extent in children with SBM 
and associated complex cerebral malformations, poor attention performance on 
psychometric assessments is due to interference by cognitive or visuomotor deficits. 
To control for such potential interference we used an extensive test battery comprising 
both traditional attention tests requiring more complex cognitive or visuomotor skills, 
as well as simple, computer-based tasks designed to minimize the potential effects of 
any additional deficits. In these latter tasks the type of attention function tested was 
maintained, although the test response only required a single button press. The 
performances of children with SBM on both the complex and the simple tasks were 
compared with a closely matched control group of children diagnosed with SB only, 
with no or minor cognitive and visuomotor deficits. The hypothesis tested was that 
the poorer performance in the children with SBM is not caused by an attention deficit, 
but by the concomitant cognitive and visual motor deficits. To further analyze the 
possible interfering effects of these deficits, we calculated correlations between 
measures of attention and overall intelligence levels, and conducted separate analyses 
with a subgroup of children with an IQ>70. Finally, we compared all performance 
results of the SBM group with a closely matched control group of children diagnosed 
with SB only.
Methods
Study participants
The experimental procedures of our study were approved by the Regional Committee 
on Research Involving Human Subjects and written consent was obtained from the 
parent(s) of all children. Seventy-eight children with SB born between January 1988 
and December 1997 and referred for spinal surgery to the Radboud University 
Nijmegen Medical Centre, were invited to participate in the current study because 
their neonatal condition had been systematically assessed earlier by our research 
group in the context of a larger research project. Twenty-seven of the selected 
children could not be examined adequately for various reasons: refusal to participate, 
insufficient command of the Dutch language and profound retardation precluding 
formal testing. The final study group thus comprised 51 children of whom 31 had SBM 
and 20 SB. All had undergone spinal surgery and all children with SBM were shunted 
within the first months of life. The medical characteristics of the children are presented 
in Table 1. The main inclusion criterion was the presence of a congenital defect in the 
closure of one or more vertebral arches in combination with a median skin defect
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and/or a cystic or lipomatous lump on the back, and/or a developmental anomaly of 
the spinal cord confirmed by MRI (magnetic resonance imaging). Spina bifida was 
further specified according to the following three characteristics: (1) Type of spinal 
anomaly scored with diagnostic codes as closed (ICD-10 code Q76.0) or open (ICD-10 
code Q05); (2) Cerebral comorbidity scored as hydrocephalus (ICD-10 code Q03) with 
the diagnosis being based on specified MRI or CT (computed tomography) features, 
and Arnold-Chiari II malformation (ICD-10 code Q07) or corpus callosum dysgenesis 
(ICD-10 code Q04.0) with diagnoses based on MRI analysis; (3) Neurological impairment 
of the lower part of the body scored as the uppermost affected spinal segment with 
decreased sensibility and/or decreased intentional movement [25]. Sensibility was 
defined as behavioural reactions on pin prick and light touch. Intentional movement 
was defined as non-stereotypical, non-reflex motion.
Table 1 Patient characteristics for the SB and SBM groups
SB (n=20) SBM (n=31)
Age at spinal surgery (weeks) median=56 median=0
(quartile range) 24 - 116 0 - 0
Type of defect Open=3 Open=31
Closed=17 Closed=0
Arnold-Chiari II malformation 
confirmed by MRI
0 1 26 2
Callosal dysgenesis confirmed by MRI 0 1 13 2
Level of spinal impairment (paresis) L4-S3 (mean=L5) T10-S1 (mean=L3)
Notes.
1 o n e  u n k n o w n  (no  MRI p e rfo rm e d ); 2 fiv e  u n k n o w n  (no  MRI p e r fo rm e d ) 
SB = sp ina b ifida  o n ly ; SBM = sp ina b ifid a  w ith  m y e lo m e n in g o c e le
3
To assess the effect of hydrocephalus and associated neuropathology, we formed 
two subgroups, one comprising SB children with myelomeningocele (SBM) and the 
second patients without myelomeningocele (SB). All children with SBM had an open 
spinal defect while most children with SB had a closed defect. Arnold-Chiari II 
malformation was confirmed by MRI for all children with SBM except for five, and 50% 
of these had callosal dysgenesis, with no such cases in the SB cohort. The total study
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group comprised 28 girls and 23 boys and was between 6 and 15 years of age at 
the time of testing. Mean ages and intelligence measures, based on the Wechsler- 
Intelligence Scale for Children, 3rd edition (WISC-III, Dutch version [26], and the VMI 
[27], per subgroup are listed in Table 2. To control for the confounding effect of 
cognitive impairment, separate analyses were conducted after exclusion of children 
with a full-scale IQ (FSIQ) below 70. Table 2 also presents the IQ data of the resulting 
nonretarded subgroups (SB, n=18; SBM, n=19).
In contrast to the children with SB only, all children with SBM had significantly 
lower scores on performance IQ (PIQ) than on verbal IQ (VIQ; complete SBM subgroup: 
F(1,30)=42.02, p<0.001; nonretarded SBM subgroup: F(1,18)=25.57, p<0.001). As to the 
nonretarded children, the difference between SBM and SB was only significant for PIQ 
(F(1,35)=20.38, p<0.001), FSIQ (F(1,35)=14.34, p<0.001), and VMI (F(1,35)=10.2, p<0.005) 
and not for VIQ (F(1,35)=3.74, p>0.05).
Testing procedures
All children underwent an extensive neuropsychological assessment as part of a 
larger study [28]. For the assessment of attention functions, two series of tests were 
administered (see Table 3) measuring various dimensions of attention, with the first 
series comprising traditional tests and subtests from the WISC-III [26]. These are 
considered more complex tasks in that their performance not only requires attention 
but also the recruitment of additional cognitive and motor functions, more specifically, 
visuomotor integration (drawing), or verbal reproduction. The arithmetic task is also 
classified as complex because of the special cognitive skill it gauges, which in itself is 
irrelevant for the assessment of attention per se.
In the series of 'simple' computerized attention tasks we presented, motor output 
was reduced to a button press and the tasks thus put minimal demands on visuomotor 
functions, verbal skills or targeted cognition, although it should be noted that the 
attentional demands of the computerized tasks were similar to those in the traditional 
tests. Attention is operationalized as efficient information processing as reflected by 
speed (reaction times) and accuracy (errors to stimuli, e.g. false alarms, misses). 
We opted for the computerized attention subtests from the Amsterdam Neuro­
psychological Tasks (ANT [29]) as their validity and sensitivity for children in the same 
age range has been previously demonstrated [30,31]. Especially, the measurement of 
reaction time in combination with accuracy contributes to the sensitivity and 
distinctive value of the ANT [32]. Participants are asked to place their index finger of 
each hand on the corresponding left and right button of a static computer mouse 
(fixed to the table top), and to press the right button in case of a 'Yes' or the left
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Table 2 Intelligence and visuomotor integration scores (mean, sd) for the complete SB and SBM groups and the nonretarded 
subgroups
N Age
(years;months)
Age range VIQ PIQ FSIQ VMI
Complete group SB 20 10;0 6;6 - 14;11 95.0(15.4) 93.1 (16.4) 93.4(16.1) 96.75 (9.78)
SBM 31 10;5 6;4- 15;1 80.2(16.7) 67.7 (16.2) 71.9(16.0) 80.94(15.4)
Nonretarded group IQ>70SB 18 9;7 6;6 - 14;11 97.8 (13.4) 96.1 (14.2) 96.5 (13.6) 98.33 (8.76)
IQ>70SBM 19 9;9 6;4 - 12;9 90.7 (8.6) 76.8 (11.6) 82.7 (8.0) 89.47 (8.1)
SB = spina bifida; SBM = spina bifida wlth myelomenlngocele; VIQ = verbal Intelligence quotlent; PIQ = performance Intelligence quotlent; FSIQ = full-scale 
Intelligence quotlent [26]; VMI = Visuomotor Integration score [27]
LnU>
U>
Neuropsychological assessm
ent of attention 
in 
children 
with 
spina 
bifida
C h ap te r  3
button in case of a 'No' answer. The dependent variables for all ANT tasks were mean 
reaction time (RT, taken to reflect speed of information processing), the number of 
errors (incorrect responses and omissions), and response variability as expressed by 
RT standard deviations (SD).
We assessed the following four dimensions of attention: focused attention (i.e., 
the ability to select relevant stimuli from a broad array), sustained attention (the 
capacity to maintain focus and alertness over time), encoding (the ability to hold 
information 'in mind' for immediate manipulation or action), and distractibility/ 
impulsivity. For each domain, both the 'more complex' traditional and the 'simpler' 
computer tasks were administered.
Focused attention was assessed using the traditional Symbol Search and Coding 
subtests of the WISC-III intelligence test [26] whose scores are based on age norms 
allowing comparisons across age groups. In the ANT's Focused Attention task, a bowl 
containing different kinds of fruit is presented on the screen. The child is instructed to 
press the 'Yes' button if the cherries (the target fruit) are located at the upper or lower 
part of the screen and to press the 'No' button if there are no cherries in the bowl or 
when they are placed at the right- or left-hand side of the bowl. Note that this implies 
a two-step decision rule.
Sustained attention was gauged with the Bourdon-Vos Test [33], a cancellation 
test requiring high-speed visual selectivity and a repetitive motor response. Like most 
cancellation tasks, this test assesses many functions, but above all the capacity for 
focused and sustained attention [34] given its length and duration. Children are 
instructed to cross out the target items, i.e. the dot patterns with four dots on a sheet 
of paper covered in three-, four-, and five-dot patterns. Dependent variables are mean 
time (in sec) taken to complete one row of 24 patterns with the standard deviation 
(sd) of row times indicating fluctuations in attention. In the Sustained Attention 
subtest of the ANT, which lasts between 7 and 10 minutes, a house with four windows 
is presented on the screen. In each trial one animal appears at a random window and 
the child is asked to press the 'Yes' button when the target animal (e.g. a mouse) 
appears in one of the windows. In all other cases the 'No' button needs to be 
pressed.
Encoding was measured using the WISC Digit Span and Arithmetic subtests and 
the ANT Memory Search test. Here, a house with four different animals behind its four 
windows is presented on the screen. The combination of animals differs per stimulus 
presentation. The child is asked to memorize a particular target animal (e.g. the 
butterfly) and then to indicate whether the target animal appears in the subsequent 
pictures by pressing the 'Yes' button if it does and the 'No' button if it does not.
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Distractibility/impulsivity was assessed with the Stroop Colour-Word test [35], 
comprising ten rows of ten items in each of its three conditions. The child is first asked 
to read colour words, then to name the colour of simple colour patches, and finally, in 
the condition of interest, to name the colour of the ink in which colour words were 
printed, with the two always being in conflict. Normally, reading the words is 
pre-potent over naming the ink colour and task performance requires attention to be 
directed to the colour in which the words are printed while the pre-potent response 
needs to be inhibited. The dependent variable was the time (in sec) taken to perform 
each condition. An interference score was computed by subtracting the performance 
time of the second (colour naming) condition from that of the third (interference) 
condition. The computer test comprised a GoNoGo task. After the presentation of a 
fixation point (x sign), an open or closed square is presented and the child is instructed 
to press the 'Yes' button when the open square is shown. In case of a closed square, 
no response is required, implicating that the child has to suppress the habitual 
response and has to wait for the next stimulus to appear.
For the computer tasks, demonstration and practice trials with feedback were 
used to reduce the impact of between-subject differences in task comprehension 
and to improve the reliability of the performance measures.
Statistical analyses
Statistical analyses were performed using SPSS 14.0 for Windows. Parametric testing was 
not feasible for all variables since Levene's test for homogeneity and Shapiro-Wilks' test of 
normality were statistically significant. Therefore, nonparametric Mann-Whitney U tests 
were used to address the differences between SB and SBM on the different attention 
domains. Dependent variable factor scores were calculated per attention domain for 
complex and simple tests separately. Furthermore, the results of the nonparametric 
Mann-Whitney U tests were used to calculate effect sizes (ES) for each subtest [36]. 
To investigate whether the attentional outcomes of both task types (traditional versus 
computer-based) correlated with cognitive impairment, nonparametric Spearman's rho 
correlation coefficients were calculated with VIQ, PIQ, FSIQ and VMI. To explicitly eliminate 
the influence of cognitive impairment, for each of the two groups, all analyses were 
also conducted on the nonretarded (IQ >70) subgroups.
Because for some of its subtests norm data for certain age groups were incomplete, 
we used the raw data on the computerized ANT tasks in our statistical analyses rather 
than standardized scores even though for those tests where this was possible, 
additional analyses using standardized scores yielded similar results.
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Table 3 Medians (interquartiles) per attention domain and task type for the com 
SBM groups and the nonretarded subgroups
plete SB and
Attention domain Type Subtest SB n
Focused attention Complex Symbol Search (WISC-III) 
Coding (WISC-III)
10.5 (4) 
8.5 (4)
20
20
Simple ANT: Focused Attention Error 
ANT: Focused Attention RT+
3.5 (5) 
1074 (588)
20
20
Sustained attention Complex Bourdon-Vos Row Time 
Bourdon-Vos SD
15.5 (8) 
2.0 (1)
12
12
Simple ANT: Sustained Attention Error 
ANT: Sustained Attention RT+
14.5 (8) 
681 (248)
12
12
Encoding Complex Digit Span (WISC-III) 
Arithmetic (WISC-III)
10.0 (5) 
9.0 (4)
20
20
Simple ANT: Memory Search Error 
ANT: Memory Search RT+
2.0 (3) 
932 (599)
20
20
Distractibility/Impulsivity Complex Stroop 3+ 142 (65) 15
Stroop Interference+ 60 (27) 15 H
Simple ANT: GoNoGo Error 
ANT: GoNoGo RT+
2.0 (3) 
448 (147)
20
20
Notes.
WISC-III = W e c h s le r- In te llig e n c e  Scale-III; A N T  = A m s te rd a m  N e u ro p s y c h o lo g ic a l Tasks 
+ Scores are based o n  speed  m e asu res (w ith  h ig h  scores re fle c tin g  p o o r p e rfo rm a n c e )
RT = re a c tio n  t im e ; SD = s tand a rd  d e v ia t io n ; SB = sp ina b ifid a ; SBM = sp ina b ifid a  w ith  m y e lo m e n in g o c e le  
ES = e ffe c t size based o n  M a n n -W h itn e y  U s ta tis tic s ; b e n c hm a rks : < 0 .29 = la rge ES; <0.36 = m e d iu m  ES; 
< 0 .44  = sm all ES; <0.50 =  no  d iffe re n c e  [36]
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SBM n P ES IQ>70SB n IQ>70SBM n P ES
6.5 (6) 24 0.20 10.5 (3) 18 8.0 (4) 15 0.24
4.0 (6) 24
<0.001
0.18 9.5 (3) 18 6.0 (7) 15
<.001
0.24
4.0 (6) 24
<0.05
0.44 4 (5) 18 3 (7) 15 0.49
1406 (616) 24 0.30 1120 (608) 18 1233 (1021) 15
n.s.
0.40
21.0 (18) 14 0.38 15.5 (7) 10 15.0 (8) 9 0.43
3.0 (6) 14
n.s.
0.29 2 (1) 10 2 (2) 9
n.s.
0.43
16.0 (31) 15 0.41 17 (10) 10 15 (16) 9 0.43
830 (235) 15
n.s.
0.30 681 (248) 10 735 (266) 9
n.s.
0.40
7.0 (5) 25 0.30 10.5 (4) 18 8.5 (4) 16 0.36
6.0 (6) 25
<0.005
0.27 9.5 (4) 18 8.5 (5) 16
n.s.
0.38
2.0 (3) 25 0.46 1.5 (3) 18 1.5 (2) 16 0.48
1059 (343) 25
n.s.
0.38 932 (607) 18 1054 (498) 16
n.s.
0.43
190 (81) 23 0.29 142 (51) 13 173 (57) 14 0.38
74 (51) 23
<0.05
0.38 60 (24) 13 72 (50) 14
n.s.
0.43
2.0 (2) 27
n.s.
0.44 2 (4) 18 1.5 (2) 18
n.s.
0.42
493 (169) 27 0.40 459 (167) 18 475 (212) 18 0.47
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Results
Attention differences in SBM and SB (whole groups)
Table 3 (page 56/57) summarizes the performance outcomes for the SBM and SB groups 
on each dimension of attention per task type. Sample sizes vary between tasks because 
not all children were able to complete all tasks. As to the traditional 'complex' tasks, the 
differences between the two groups were statistically significant with medium to large 
effect sizes for the Symbol Search and Coding tasks (focused attention), Digit Span 
and Arithmetic (encoding), and Stroop 3 (distractibility/impulsivity). Non-significant 
differences but medium effect sizes were found for the standard deviation of the 
Bourdon-Vos test in the sustained attention domain. A small effect size was found for 
Stroop Interference of the distractibility/impulsivity domain.
The 'simple' computerized tasks did not yield statistically significant group 
differences nor large effect sizes for reaction-time or error measures, except for 
moderate significance (p<0.05) for the subtest Focused Attention of the ANT. This 
subtest showed also medium to small effect sizes, which was also found for sustained 
attention RT. For the tests mentioned, the performance of the SBM patients was 
always inferior to that of the SB patients.
Attention differences between the nonretarded SBM and SB patients
To further control for the effect of overall cognitive impairment, comparative group 
analyses were conducted separately for the nonretarded patients only (IQ >70, Table 3, 
page 56/57). Symbol Search and Coding (focused attention) were the only 'complex' 
tasks demonstrating statistically significant differences between the SB and SBM 
subgroups. None of outcomes on the computer tasks generated statistically significant 
differences. Except for Symbol Search and Coding, all effect sizes were small or showed 
no differences.
Correlations between attention outcomes and VIQ, PIQ, FSIQ, and VMI scores
To statistically control for the confounding effect of overall cognitive impairment, 
nonparametric Spearman's rho correlation coefficients were calculated between each 
task and VIQ, PIQ, and FSIQ (Table 4 , page 59). The data for the two patient groups and 
the nonretarded (IQ>70) subgroups revealed statistically significant correlations 
between the complex tasks and VIQ, PIQ, FSIQ, and VMI, i.e. for the Symbol Search and 
Coding (focused attention) and for Digit Span and Arithmetic (encoding). Note that also 
for the WISC subtests Coding and Digit Span, which are not included in the calculation 
of VIQ, PIQ, or FSIQ, significant correlations were found, as was the case for the VMI.
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Table 4 Spearman's rho correlations between VIQ, PIQ, FSIQ, VMI and the attention tasks for the complete SB and SBM groups 
and the nonretarded subgroups
Complete groups Nonretarded groups
Task type A ttention domain Subtest VIQ PIQ FSIQ VMI n VIQ PIQ FSIQ VMI n
Complex Focused attention Symbol Search 0.62** 0.75** 0.72** 0.64** 51 0.38* 0.63** 0.56** 0.45** 37
Coding 0.61** 0.79** 0.75** 0.61** 51 0.29 0.58** 0.51** 0.27 37
Sustained attention Bourdon-Vos Row Time -0.15 -0.28 -0.21 -0.19 45 0.16 -0.03 0.10 0.04 34
Bourdon-Vos SD -0.09 -0.27 -0.17 -0.22 45 0.27 -0.03 0.15 0.02 34
Encoding Digit Span 0.66** 0.60** 0.69** 0.58** 51 0.46** 0.35* 0.48** 0.32 37
Arithmetic 0.84** 0.74** 0.84** 0.70** 51 0.71** 0.48** 0.70** 0.45** 37
EDist ractibility/ Stroop 3 -0.18 -0.34* -0.30 -0.13 38 0.27 -0.06 0.09 0.21 27
1 mpulsivity Stroop Interference -0.01 -0.12 -0.08 0.01 38 0.38 0.01 0.18 0.15 27
Simple Focused attention Focused Attention Error 0.06 -0.07 -0.01 0.06 45 0.14 0.001 0.07 0.18 34
Focused Attention RT 0.04 -0.23 -0.09 -0.16 44 0.32 -0.09 0.14 -0.03 33
Sustained attention Sustained Attention Error -0.03 -0.32 -0.24 -0.15 27 0.40 -0.05 0.20 0.30 19
Sustained Attention RT -0.31 -0.34 -0.36 -0.22 27 -0.22 -0.14 -0.19 0.04 19
Encoding Memory Search Error 0.02 -0.17 -0.09 -0.004 45 0.28 0.001 0.13 0.24 34
Memory Search RT 0.03 -0.10 -0.01 -0.06 45 0.20 -0.05 0.12 0.002 34
Distractibility/ GoNoGo Error 0.09 0.04 0.04 0.17 47 0.04 -0.05 -0.04 0.14 36
1 mpulsivity GoNoGo RT 0.01 -0.09 -0.05 0.03 47 0.14 -0.01 0.08 0.14 36
* Correlation Is statistically significant at the 0.05 level (2-tailed), ** Correlation Is statistically significant at the 0.01 level (2-tailed), VIQ = verbal Intelligence quotient; 
PIQ = performance Intelligence quotient; FSIQ = full-scale Intelligence quotient; VMI = Vlsuomotor Integration score; RT = reaction time; SD = standard deviation. 
Note that Coding and Arithmetic are subtests of the WISC-III Intelligence test, and Included In the calculation of FSIQ, and PIQ and VIQ respectively.
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The Bourdon-Vos concentration test revealed no correlations with any of the IQ 
measures. For the complete groups, the Stroop 3 showed statistically significant 
correlations with PIQ, but these correlations were absent in the nonretarded patients. 
None of the results of the simple computerized tasks correlated with VIQ, PIQ, or FSIQ.
Discussion
The present study investigated various dimensions of attention in children with spina 
bifida with myelomeningocele (SBM) and associated cerebral malformations and in a 
matched peer group without cerebral malformations (SB). To separate attention from 
other, interfering functions we compared their performance on traditional attention 
tasks requiring more complex cognitive and visuomotor skills with their output on 
comparable but computerized attention tasks that only required a button press in 
response.
The SBM patients performed significantly less well than their SB counterparts on 
the traditional attention tasks of the focused attention, encoding and distractibility/ 
impulsivity domain, confirming earlier reports. Because of the complex response 
requirements, Fletcher et al. [19] had already highlighted the need to separate motor 
functions from attention by using computer-based tasks. In the computer tasks (ANT), 
interference from visuomotor and cognitive skills was greatly reduced while the 
essential aspects of the attention functions were preserved. The resulting data indeed 
provided new information on the measurement of attention. For the focused attention 
and encoding domain measured with traditional tasks, highly significant differences 
between SBM and SB, and large effect sizes were found. A moderately significant 
difference was found for the distractibility/impulsivity domain. These traditional tasks 
require rapid visual scanning (Symbol Search and Coding), forward and backward 
verbal reproduction (Digit Span), calculation skills (Arithmetic), and rapid verbal 
naming (Stroop 3). In the corresponding ANT tasks, which do not require these 
acquired cognitive skills, only a few significant differences between children with SBM 
and SB were found. Thus, the outcomes on the ANT subtests showed only a moderately 
significant difference between the two patient groups on the focused attention tasks, 
with medium effect size for the reaction time (RT) measure only. In the other domains 
no significant differences between SBM and SB on ANT subtests were found, and only 
a single moderate effect size on sustained attention reaction time. Thus, when the 
children's visuomotor and acquired cognitive skills were less implicated, performance 
differences almost disappeared.
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The correlational analysis confirmed this result. The performance data on the 
traditional tasks in the domains of focused attention and encoding correlated 
moderately to highly with the children's IQ scores and their scores on the visuomotor 
integration test (VMI). Very small and non-significant correlations with cognitive skills 
were found for the corresponding computerized attention tests. Together, these 
results support the hypothesis that attention scores as measured by traditional tasks 
were confounded by deficits in other visuomotor or cognitive skills. Interestingly, the 
results on the Bourdon-Vos Test, a paper-and-pencil task, were similar to the results on 
the computer tasks in that they showed no correlations with the intelligence measures. 
Also, no difference between children with SBM and SB were found on this task, which 
in different studies has been shown a valid measure of attention [33, 34]. So this test 
seems to be an adequate measure of sustained attention also for children with SBM. 
A similar, but less distinct result, was found with respect to the domain distractibility/ 
impulsivity. Although a significant correlation with intelligence was found for Stroop 
3, and a significant difference in combination with large effect size between SBM and 
SB, very low correlations with intelligence and only a small effect size was found for 
the Stroop interference scores. The latter score is calculated by subtracting speed of 
naming colours from naming speed in the interference condition, thus correcting for 
the possibly confounding effect of naming speed.
To control for general cognitive impairment, the data of the nonretarded children 
(IQ>70) were analyzed separately. The results provided further support for the 
interference of visuomotor and acquired cognitive skills in the traditional attention 
tests: the performance differences between the nonretarded SBM and SB patients 
were much smaller than the differences observed in the complete patient groups. In 
the nonretarded patients, statistically significant differences between SBM and SB 
were only found for the focused attention domain as assessed by the traditional tasks. 
There were no statistically significant differences between the two nonretarded 
subgroups on any of the attention domains as assessed by computerized tasks, and 
effect sizes were small. Together, these results strongly suggest that the measurement 
of attention is confounded by acquired cognitive and visuomotor skills, especially for 
children with impairments in these skills.
Summing up, our results confirm earlier claims that most traditional attention 
tasks also place a high load on visuomotor and acquired cognitive skills. This makes 
the tasks less valid for the assessment of attention in paediatric populations with 
cerebral malformations, such as is the case in SBM.
The most robust difference between the children with SBM and those with SB 
concerned focused attention as measured with complex tasks. First, it should be
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noted that the children with SB scored within normal limits on the complex focused 
attention tasks (the normalized score being 10), whereas the children with SBM scored 
significantly lower. According to Brewer et al. [18] and Fletcher et al. (1996) impaired 
focused attention might reflect a deficient posterior attention system [19]. In SBM, 
neuropathological changes such as hydrocephalus, a reduction in cerebral white 
matter and overall cortical mantle, and other cerebral anomalies, particularly concern 
the posterior part of the brain. These are the same neurological structures that are 
involved in the extensive psychomotor deficiencies commonly observed in these 
children (see also Loss et al, [20]). Thus, based on our and earlier studies, especially in 
the focused attention domain, the use of tasks that require uncomplicated responses 
are imperative in order to prevent the attention measures from being confounded by 
visuomotor deficits.
Conclusions about brain-behaviour relationships are complicated by the 
complexity of associated neuropathology in SBM. Frequently, associated malformations 
involve hydrocephalus, Arnold-Chiari II malformation, and corpus callosum dysgenesis. 
On the basis of the literature on both hydrocephalus (caused by other etiologies than 
spina bifida) and cerebellar malformations, Vinck et al. [28] offered further interpreta­
tions about the association between the specific contribution of the different 
pathological conditions and particular cognitive deficits. Applied to the present 
results, the poor performance on the more complex traditional attention tasks could 
be related to cerebellar brain defects influencing motor speed and coordination [37], 
as well as to the transfer of information across the corpus callosum. Given the 
associations of the cerebellum and corpus callosum with executive functions, learning 
and attention, our results could also be interpreted to indicate that attention functions 
deteriorate in more demanding task situations. Such an interaction between 
decreasing attention with increasing task-complexity stresses the importance of 
neuropsychological assessment of functions both separately and combined in diverse 
contexts.
Conclusion
In conclusion, both in experimental settings and in clinical practice, attention has 
proven a difficult concept to assess accurately in patients with SB and SBM. This is due 
to confounding by and interactions with motor and cognitive demands of most 
traditional attention tasks, which do not disentangle the effects of visuomotor and 
verbal deficits in the cognitive profile associated with spina bifida. The current results 
show how we can separate the role of attention from the effects of complex neuro­
psychological impairments by reducing the complexity of the task demands.
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Therefore, attention should be measured by means of computerized reaction time 
tasks that place little or no demands on visuomotor or acquired cognitive functions.
Abbreviations
ANT, Amsterdam Neuropsychological Tasks; CT, computed tomography; FSIQ, full-scale 
intelligence quotient; MRI, magnetic resonance imaging; PIQ, performance intelligence 
quotient; SB, spina bifida; SBM, spina bifida with myelomeningocele; VIQ, verbal 
intelligence quotient; WISC-III, Wechsler- Intelligence Scale for Children, 3rd edition 
Dutch version.
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Abstract
Background: Spina bifida (SB) is a complex neuroembryological disorder resulting 
from incomplete closure of the posterior neural tube. Morbidity in the different fields 
of motor and cognitive neurodevelopment is variable in nature and severity, and 
often hard to predict.
Aims: The current study investigates the relationship between cognitive functioning, 
fine motor performance and motor quality in children with spina bifida myelomenin­
gocele (SBM) and SB-only, taking into consideration the cerebral malformations. 
Material and Methods: 41 children were included (22 girls and 19 boys aged between 
6 and 15 years, mean age 10;0 years) in the study. A comprehensive assessment was 
conducted of cognitive functioning and motor profile, including fine motor and 
visuomotor functioning, and motor quality. The performance outcomes were analysed 
for the total group of children and separately for the nonretarded children (FSIQ>70, 
n=30) to eliminate the influence of global intellectual impairment.
Results: Although the children with spina bifida showed increased incidence of 
cognitive and fine motor impairment, and impaired motor quality, after exclusion of 
overall retarded children no associations were found between cognitive functioning 
and motor profile. In the comparison of SBM to SB-only specific differences were 
found for performance IQ, visuomotor functioning and motor quality, but not fine 
motor functioning.
Conclusion: Our findings underscore the role of cerebral malformation in spina 
bifida and its consequences for neuropsychological functioning. The complicated 
developmental interactions found strengthen the need for an individualized 
management of children with SB.
68
M o t o r  p ro f i le  and  c o g n i t i v e  f u n c t i o n i n g  in ch i ld re n  w i t h  spina bif ida
Introduction
Spina bifida (SB) is a neuroembryological disorder with complex physical and neu­
ropsychological morbidity. The majority of children with myelomeningocele (SBM), 
the severe form of SB, develop hydrocephalus and associated cerebral malformations 
of the posterior cortex and white matter, midbrain, cerebellum, and corpus callosum 
(1-3). Although children with SBM tend to score within the low-average to average 
range of general intelligence measures, they are at risk of specific cognitive difficulties, 
learning disabilities and motor deficits (4-6). Gross motor deficits are prominent and 
fine motor deficits are common.
According to the neuropsychological literature on SBM, motor abilities can be 
decomposed into visual-spatial and perceptual-motor abilities, gross and fine motor 
skills, and quality of motor movements (7). Apart from spinal lesions affecting limb 
functioning, physiological studies have revealed a diversity of relations between 
central nervous system (CNS) dysfunction or damage and motor limitations. Without 
trying to be exhaustive, we mention the following relations relevant for SBM. 
Hydrocephalus and dysfunction of the posterior parietal cortex, as well as corpus 
callosum anomaly can result in poor visual-spatial and perceptual-motor abilities. 
Damage to the cerebral motor cortex, pyramidal tract abnormalities, and cerebellar 
dysfunctions mainly influence gross and fine motor skills. Motor quality is particularly 
related to functioning of the basal ganglia and the cerebellum (7).
In children with SBM any of the CNS dysfunctions mentioned above can play a role 
to a certain degree. Therefore, a major issue that has both theoretical and clinical 
relevance is the involvement of cognitive and motor impairment, and the question to 
what extent these are interrelated. Erickson et al. (2001) distinguished between infancy 
(up to 5 years) and school-aged children, and found different types of relationships for 
the younger as compared to the older groups (7). Some authors attribute the children's 
poor fine motor skills to impaired hand coordination, a decrease in muscle force (8;9), 
impaired fingertip force (9;10), and impaired motor quality (11), which includes a 
kinetic tremor and dysmetria. These deficient fine motor skills result in poor 
handwriting and drawing and low legibility (11-14). Deficits in visuomotor integration 
and perceptual-motor coordination (5;6;15) which require visual-spatial insight on the 
one hand, and adequate motor skills and motor quality on the other, are also 
consistently reported in children with SBM.
Even though more in-depth knowledge of motor functioning and quality in 
relation to cognitive and visuomotor impairment is indispensable for prognostic 
counselling and can have far-reaching implications for treatment strategies, in the
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literature information about the exact nature of the relationship between the various 
function domains in children with SB is as yet lacking. In the present study the motor 
functions of school-aged children with SB are measured extensively to explore to 
what extent motor performance and quality are related to deficiencies in the 
visuomotor domain and to overall cognitive impairment. Secondly, to assess the role 
of the cerebral malformations in the observed deficits, we compared the performance 
of the children with SBM to those with SB-only.
Material and methods
Patients
Eligible were 78 children diagnosed with SB born between 1988 and 1997 that had 
been referred for surgery to the Radboud University Nijmegen Medical Centre. 
Thirty-seven candidates were not included due to refusal to participate, insufficient 
command of the Dutch language, and loss of follow-up data. The study group thus 
comprised 41 children (22 girls and 19 boys aged between 6 and 15 years, mean age 
10;0 years), of whom 22 had cerebral malformation. Three children could not be 
assessed neuropsychologically due to profound retardation and multiple disabilities.
All children had undergone spinal surgery and, if necessary, were shunted within 
the first months of life (Table 1).
The main diagnostic criterion was the presence of a defect in the closure of one or 
more vertebral arches in combination with a median skin defect and/or a cystic or 
lipomatous lump on the back, and/or a developmental anomaly of the spinal cord 
confirmed by magnetic resonance imaging (MRI). SB was specified according to the 
following characteristics: 1) type of spinal anomaly: open or closed; 2) cerebral 
malformation: hydrocephalus (HC), and/or Arnold-Chiari II malformation (ACM), and/ 
or corpus callosum dysgenesis; and 3) neurological impairment of the lower part of 
the body. Hydrocephalus was diagnosed based on specified features on MRI or cranial 
computerized tomography (CCT). For the diagnosis of Arnold-Chiari II malformation 
MRI was taken as the only diagnostic instrument as CCT was considered insufficient. 
For 7 (Table 1) of the 41 children a classification of corpus callosum dysgenesis was 
missing. Neurological impairment of the lower part of the body was scored as the 
uppermost affected spinal segment with decreased sensibility and/or decreased 
intentional movement (16). Sensibility was defined as observable reactions to pin 
prick and light touch. Intentional movement was defined as non-stereotypical, 
non-reflex movement.
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Table 1 Patients characteristics specified for the complete and the nonretarded (FSIQ>70) group
Complete group (N=41) Nonretarded group (FSIQ>70, N=30)
Cerebral malformations No cerebral malformations
(N=12) (N=18)
Age at spinal surgery (weeks) Median: 1.0 Median: 0.0 Median: 65.5
25th percentile: 0.0 25th percentile: 0.0 25th percentile: 32.0
75th percentile: 56.0 75th percentile: 1.0 75th percentile: 121.25
Type of defect MMC=25 Open=12 Open=3
LMS=13 Closed=0 Closed=12
Atypical SB=3 Atypical SB=0 Atypical SB=3
Hydrocephalus 22/41 12/12 0/18
Arnold-Chiari II malformation confirmed by MRI 22/41 12/12 0/18 (1 unknown3)
Callosal dysgenesis confirmed by MRI 6/41 (7 unknown3) 4/12 (4 unknown3) 0/18 (1 unknown3)
Mean level of paresis L2 (range: no impairment-TI 2) L2 (range: no impairment - S2) L2 (range: no impairment - S3)
Impaired cognitive functioning (FSIQ<85) 18/38b 6/12 5/18
Impaired fine motor functioning (MD-total>5) 22/38b 5/12 7/18
Impaired visuomotor integration (\/MI<85) 10/38b 2/12 2/18
Motor quality: Kinetic tremor 25/37b 8/12 9/18
Motor quality: Dysmetria 21/37b 6/12 7/18
Sex 22 female, 19 male 4 female, 8 male 11 female, 7 male
Mean age (Age range) 
(years; months) 10;0 (6;4-14; 11) 9;9 (6;4-12;1) 9; 10 (6;4-14;11)
a unknown because callosal dysgenesis was not classified (6 cases) or no MRI was performed (1 case), b the 3 non-testable children are not Included, but were 
severely Impaired In all domains, MMC=myelomeningocele; LMS=lipomyeloschizis; SB=spina bifida, FSIQ=fuIl-scale Intelligence quotient; MD-total=manual 
dexterity total score; VMI=visuomotor Integration; L=lumbar; T=thoracic
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Our study was approved by the Regional Committee on Research Involving 
Human Subjects and written consent was obtained from all parents.
Procedures
The same neuropsychologist assessed the cognitive and visuomotor functions of all 
children. In a separate visit two experienced paediatric physiotherapists assessed the 
children's motor functions. All tests comprised standardized measures with published 
age-based normative data.
Cognitive and visuomotor measures
Cognitive functioning was assessed using the Wechsler Intelligence Scale for Children 
(WISC-III), a general intelligence assessment battery for children aged between 6 and 
16 years. The test comprises six Verbal and seven Performance subtests generating 
three different measures: verbal intelligence (VIQ), performance intelligence (PIQ), 
and full-scale intelligence quotient (FSIQ) (17).
Visuomotor integration measures were obtained from Beery's VMI (18) and the 
'Disks' subtest of the Revised Amsterdam Children's Intelligence Test (RAKIT) (19). In 
the VMI geometric patterns (e.g. a square, cube, or circle) have to be copied by drawing 
and task difficulty is manipulated by increasing pattern complexity and by combining 
patterns. Correct reproductions were scored according to age norms. In the 'Disks' 
test a playboard comprising nine fields is presented with each field containing two, 
three, or four differently arranged vertical pegs. The subject is given nine perforated 
disks with corresponding holes with the request to slip the disks over the corresponding 
peg arrangements on the playboard. The time it takes to complete the task is 
compared to age norms.
Fine motor functioning and motor quality measures
Fine m otor functioning was measured with the Movement Assessment Battery for 
Children (MABC) (20;21), an instrument evaluating gross and fine motor functioning in 
children aged between 4 and 12+ years. Because not all our children were able to 
perform the gross motor scale, only fine motor functions were evaluated using the 
Manual Dexterity (MD) scale, which comprises three subtests: a movement speed task 
for both hands separately, a bi-manual coordination task, and an eye-hand coordination 
(drawing) task with the preferred hand. Scores per subtest range from 0 (good; 75% of 
age-related healthy peers) to 5 (very poor; 2% of age-related peers).
The quality o f fine m otor performance (kinetic tremor and dysmetria) was measured 
using the output on the MD scale. If oscillatory movements were present in the
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tracklayer of the scale's third (i.e. drawing) task, the child was classified as exhibiting 
kinetic tremor. Dysmetria was defined as an impaired ability to accurately control the 
range of movement during task execution (22). The presence of dysmetria was scored 
based on the standardized scoring system of the MABC evaluating the quality of 
motor performance during task execution. Criteria for dysmetria were: dysfluency, 
lack of adaptation to directional changes and inadequate accuracy, force and time 
regulation in two of the three MD tasks. The presence or absence of kinetic tremor 
and dysmetria during drawing was scored independently by the two physiothera­
pists. Disparate outcomes were discussed until consensus was reached. As to the 
kinetic tremor scores, there was interrater agreement for 32 of the 37 children tested. 
The final decision in the five conflicting cases was based on the regularity in the 
oscillation movements. In the scoring of dysmetria proper adherence to the MABC 
scoring system with its clearly defined decision criteria had resulted in a 100% agreement.
Motor speed was assessed with the Baseline Speed subtest of the Amsterdam Neu­
ropsychological Test Battery (ANT) (23), in which the children needed to press a 
button in response to a visual stimulus as fast as possible with the index finger of 
either the left or the right hand. Reaction times of the two hands are recorded and 
scored separately.
Statistical analysis
To investigate the effects of cerebral malformation, children with SBM were compared 
to children with SB-only. To establish whether the proportion of children with impaired 
function, defined as one standard deviation below the mean, in this patient population 
would differ from the percentages expected on the basis of the normal distribution of 
scores, %2 tests were performed for FSIQ, VIQ, PIQ, MD-total, and VMI. To address the 
possibly confounding effect of cognitive impairment, we conducted separate analyses 
after having excluded the data of the children with a FSIQ below 70. Because the 
Shapiro-Wilk's test of normality showed half of the variables to be not normally 
distributed, nonparametric descriptive statistics and tests were applied. Table 1 
presents the patient characteristics of the complete (N=41) and the nonretarded 
group (N=30).
To examine the relationship between the continuous variables of cognitive 
functioning (VIQ, PIQ, FSIQ), VMI, and MD, nonparametric Spearman's (rho) correlation 
coefficients were calculated.
Mann-Whitney U tests were used to test the differences in cognitive functioning, 
visuomotor integration, fine motor functioning and speed between SBM and SB-only 
within the nonretarded group.
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The above mentioned classification of scores as impaired or normal were used to 
examine associations between the different variables. For the three MD tasks of the 
MABC (MD-total) the sum score varied between 0 and 15, with higher scores indicating 
poorer performance. Children with a total score above 5 (corresponding to a percen- 
tile-score lower than 15 compared to the normal distribution of scores) were 
categorized as suffering from fine motor impairment.
Finally, odds ratios (ORs) were calculated for the nonretarded group to investigate 
associations between poor cognitive functioning, impaired visuomotor integration, 
and impaired fine motor output. Also, associations between these variables and 
cerebral malformation, kinetic tremor, and dysmetria were analyzed. As the study 
population was relatively small for these types of analyses, we used the mid-p exact 
method to compute the 95% confidence intervals for the ORs using Episheet (24).
All other statistical analyses were performed with SPSS for Windows version 12.0.1 
(SPSS Inc., Chicago, IL, USA) applying a significance level of a<0.05 (two-tailed).
Results
Table 1 provides an overview of impaired cognitive and fine motor functions, impaired 
visuomotor integration, and poor fine motor quality for the complete group (N=41) 
and for the nonretarded group (N=30), specified for the SBM and SB-only patients. 
Sample sizes for the different variables vary since not all children were able to 
complete all tests.
For the complete group more than half of the patients were classified as impaired 
on fine motor functioning and motor quality; according to chi-square test, this 
deviates significantly from expected test statistic. Although less outspoken, the results 
for the nonretarded group still showed a statistically significantly higher than expected 
incidence of impairment on fine motor functioning and motor quality.
Correlations between cognitive, motor, and other performance outcomes
For the complete group strong and statistically significant correlations were found 
between the IQ measures, the VMI and MD-total (Table 2). The scatterplot, as depicted 
in Figure 1, shows that in the complete group the strong correlation between FSIQ 
and MD-total was caused by six children with both severe global cognitive impairment 
(FSIQ<70) and fine motor deficits (MD-score>12). Therefore, subsequent analyses were 
all performed on the nonretarded group only. After exclusion of the severely retarded 
children, correlations with MD-total were no longer statistically significant.
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Table 2 Correlation coefficients for the complete and the nonretarded 
(FSIQ>70) group
VIQ PIQ FSIQ VMI MD-total
Cognitive functioning VIQ 1 .45b .84a .37b -.05
PIQ .69a 1 .84a .63a -.35
FSIQ .92a .91a 1 .58a -.22
Visuomotor integration VMI .66a .79a .77a 1 -.28
Fine motor functioning MD-total -.52a -.64a -.60a -.60a 1
Note.
Sp ea rm an 's  (rho ) c o r re la t io n  c o e ff ic ie n ts  o f  th e  c o m p le te  g ro u p  are p resen te d  b e lo w  th e  d ia g o n a l and 
th o s e  o f  th e  n o n re ta rd e d  g ro u p  a b o ve  th e  d ia g o n a l. C o rre la tio n s  b e tw e e n  th e  IQ m easu res and  m a n ua l 
d e x te r ity  (M D ) scores w e re  n e g a tive , i.e. lo w e r  scores o n  th e  in te ll ig e n c e  te s ts  in d ic a te d  a h ig h e r score 
o n  th e  M D  te s ts  re fle c tin g  a p o o re r  p e rfo rm a n c e .
V IQ = ve rb a l in te ll ig e n c e  q u o tie n t;  P IQ = p e rfo rm a n c e  in te ll ig e n c e  q u o t ie n t ;  F S IQ = fu ll-sca le  in te ll ig e n c e  
q u o t ie n t ;  V M I= v is u o m o to r  in te g ra t io n ; M D - to ta l= m a n u a l d e x te r ity  to ta l score
a p<0.01; b p <0.05
Performance differences between nonretarded children with and without 
cerebral malformation
Within the nonretarded group, the children with SBM were statistically significantly 
more impaired than the children with SB-only on the PIQ and FSIQ measures, but not 
on VIQ. Similar subgroup differences were found for visuomotor integration as 
measured by both the VMI and the Disks task. The fine motor and simple speed tasks 
did not yield significant between-group differences: most nonretarded children 
showed performances falling within the low-average range relative to standardized 
norm scores. The medians and interquartile ranges of the different subtests are 
presented in Table 3.
Associations between performance outcomes and cerebral malformation
Table 4 depicts the ORs for the associations between impaired cognitive functioning, 
visuomotor integration, fine motor performance, motor quality (kinetic tremor, 
dysmetria), and cerebral malformation (SBM) for the nonretarded group. As expected, 
increased ORs were mainly found among the IQ measures (VIQ, PIQ), but only the OR 
for the association between low PIQ and SBM was statistically significant. PIQ<85 also
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Figure 1 Scatterplot of the total scores for manual dexterity and cognitive 
functioning for the subgroups with (SBM) and without complex 
neuropathology (SB-only)
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showed a tendency to be associated with visuomotor integration (VMI), whereas fine 
motor functioning showed no association with any of the intelligence measures or VMI.
Kinetic tremor and dysmetria, the two aspects of motor quality, showed no 
association with fine motor performance (MD-total) or VMI. Thus, VMI was more 
related to the IQ measures than to motor functioning, and motor functioning and
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quality varied independently among the nonretarded children. Only weak associations 
were found between kinetic tremor and IQ measures. Cerebral malformation appeared 
to be associated with the IQ measures, especially PIQ, and with motor quality, but not 
with VMI or MD-total.
Table 3 Med ian (interquartile) of performance outcomes for the nonretarded 
(FSIQ>70) children with (SBM) and those without (SB-only) cerebral 
malformations
Function Subtest SBM N SB-only N p a
Cognitive function VIQ 94 (20) 13 98 (23) 17 .18
PIQ 77 (12) 13 98 (18) 17 .00
FSIQ 85 (12) 13 100 (26) 17 .00
Visuomotor integration VMI 91 (8) 13 101 (10) 17 .01
Disks (RAKIT) 10.5 (8) 12 15.5 (8) 14 .03
Fine motor function MD-total 5.0 (6.5) 11 2.5 (6.3) 17 .21
Speed Baseline Speed (ANT) 356.5 (128) 12 332 (152) 17 .91
Note.
V IQ = ve rb a l in te ll ig e n c e  q u o t ie n t ;  P IQ = p e rfo rm a n c e  in te ll ig e n c e  q u o tie n t;  FS IQ = fu ll-sca le  in te ll ig e n c e  
q u o t ie n t ;  V M I= v is u o m o to r  in te g ra t io n ; M D - to ta l= m a n u a l d e x te r ity  to ta l score; SBM =Sp ina Bifida 
M y e lo m e n in g o c e le  
a p -va lue s  are tw o - ta ile d
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Table 4 Odds ratios (ORs) for impaired performance outcomes, kinetic tremor, dysmetria and involvement of cerebral 
malformations (SBM) for the nonretarded (FSIQ>70) group
VIQ<85 PIQ<85 VMI<85 MD-total
impaired
Kinetic
tremor
Dysmetria SBM
VIQ<85 OR
95%CI
—
PIQ<85 OR
95%CI
3.33
0.47-29.31
—
VMI<85 OR
95%CI
1.4
0.04-16.19
4.8
0.43-133.56
—
MD-total impaired OR
95%CI
0.87
0.09-6.94
2.2
0.44-10.97
0.64
0.02-9.46
—
Kinetic tremor OR 3.08 2.27 1.33 0.33 —
95%CI 0.31-83.24 0.44-14.04 0.09-43.05 0.06-1.77
Dysmetria OR 0.73 1.71 0.54 0.43 3.81 -
95%CI 0.08-5.84 0.35-8.41 0.02-8.08 0.09-2.09 0.71-22.36
SBM OR 3.33 41.25 1.36 1.19 2.37 3.21 —
95%CI 0.47-29.31 4.79-373.79 0.12-14.68 0.24-5.79 0.45-14.04 0.63-16.78
OR=odds ratio; CI=confidence Interval; VIQ=verbal Intelligence quotient; PIQ=performance Intelligence quotient; FSIQ=fuIl-scale Intelligence quotient; 
VMI=visuomotor Integration; MD-total=manual dexterity total score; SBM=Spina Bifida Myelomeningocele.
Functioning Is Impaired when scores are In the 15th percentile or lower.
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Discussion
The present study aimed to investigate the relationship between motor deficits and 
cognitive functioning in children with spina bifida (SB).
Consistent with earlier reports we found our cohort of SB children to differ from 
normally developing peers in both cognitive and fine motor functioning (5;25). Even 
in the subgroup of nonretarded (FSIQ>70) children both cognitive (FSIQ, PIQ) and 
motor impairments were significantly more frequent than they are in the healthy 
population. In the full cohort of 41 children cognitive and motor performance 
outcomes were strongly related. However, the results were confounded by 11 severely 
disabled children. After their exclusion the abovementioned correlation disappeared 
and the subsequent odds ratio analyses supported this latter result.
The results further revealed that even after exclusion of the severely disabled 
children the children with cerebral malformation (SBM) were more severely impaired 
on performance IQ and visuomotor integration. The results showed associations 
between cerebral malformation and poor motor quality. No significant effects of SBM 
on fine motor performance or overall reaction speed were found, nor were there high 
correlations between IQ-measures and motor performance. A closer examination of 
the three items measuring fine motor functions nevertheless revealed a possibly 
interesting result relating to movement speed for MD item 1: the children with cerebral 
malformation were slower performing the task (results not presented). These results 
suggest that in children with SBM speed (i.e. the time needed for information 
processing and motor initiation) is not typically compromised but does show deficits 
(i.e. prolonged movement times) for tasks requiring more complex movements.
The results of the current study are in line with the work of Jansen-Osmann and 
Wiedenbauer (2008) (26). They found that children with spina bifida had difficulties in 
spatial cognition measured with tasks focused on spatial perception, mental rotation, 
spatial visualisation, and spatial working memory, which corresponds to our results on 
VMI and 'Disks', measuring the same function domains. In their study gross motor 
development (in particular 'age of walking') appeared to be correlated with the 
development of these visuospatial abilities (26). In the literature problems with fine 
motor skills such as writing and drawing, especially reduced speed and legibility, are 
reported (10;11). Barnes et al. found deficient writing skills in young adults suffering 
from SB with hydrocephalus (SBH), which coincided with the findings reported for 
children (13;27). Their SBH sample also showed poor coordination and failed on motor 
tasks requiring rapid recruitment of temporally organized movements. The current 
results thus corroborate the findings of Dennis et al. (13) on poor writing skills,
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although, interestingly, the associations between the children's IQ measures, their 
performance on the simple fine motor tasks and their rater-assessed motor quality 
were weak, whereas the associations with the more complex visuomotor performance 
outcomes were stronger.
The study of spina bifida is seriously hampered by the sheer complexity of the 
neuropathology throughout the neuraxis. Since in our study all the children with 
cerebral malformation had both ACM and hydrocephalus, we cannot definitively 
attribute the cause of any poor function to ACM or HC alone. In an earlier study of our 
group (28), we suggested that a comparison between behavioural data and the 
literature on cognitive deficits associated with hydrocephalus and/or cerebellar 
disorders might allow the contributions of the different neuropathological aspects to 
the observed cognitive deficits to be disentangled. Research conducted in the past 
decade supports the idea that the cerebellum is not only involved in motor functions 
but also in higher-order cognitive (non-motor) functions such as visual-spatial abilities 
(29), verbal fluency (30), working memory, implicit and explicit learning, and language 
(31-34).
In conclusion, our findings underscore the role of cerebral malformation in spina 
bifida and its consequences for neuropsychological functioning, in particular we 
found a large effect on cognitive functions and visuomotor integration, and an 
association between cerebral malformation and motor quality. In contrast, the 
associations between cerebral malformation and fine motor skills and motor initiation 
as measured by simple reaction-time tasks, proved to be weak or non-existent. Thus, 
although fine motor functions are below average in children with SB (complete group) 
we found no evidence for a strong relationship with cerebral malformation. Moreover, 
the cognitive deficits in SB seem to be quite independent from fine motor functions. 
Accordingly, although as a group children with SB show both cognitive and fine motor 
deficits, for diagnostic and intervention purposes the two function domains should 
be assessed and trained separately. Impaired fine motor performance is probably 
related to lower academic achievement, in particular to writing. This complicated 
developmental interaction further strengthens the need for an individualized 
management of children with SB.
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Cognitive and motor problems are common in children with spina bifida (SB), in 
particular in those patients with associated cerebral malformations (SBM). However, 
little is known about how these conditions affect motor learning. This study examines 
motor sequence learning in children with SB, SBM and healthy controls. All children 
completed a spatial motor sequence learning task (SMSLT); for control purposes, neu­
ropsychological tests and a simple drawing task were assessed. Implicit motor learning 
was unaffected in children with SB(M), and their sequence learning ability was also 
similar to that of controls. However, both patient groups showed impaired motor 
performance. The potential role of associated cerebellar malformation with SB(M) is 
discussed.
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Introduction
Spina bifida (SB) is a severe congenital disorder of the central nervous system affecting 
approximately 1 in 1000 live births (Oakley, 2002). It involves impaired spinal cord 
closure during the first month of gestation. Depending on the type of malformation 
(closed vs. open), its location (sacral, lumbar, or thoracic), cerebral comorbidity 
(hydrocephalus, Chiari II malformation, corpus callosum dysgenesis), and orthopedic 
deformities, especially of the lower extremities, children with spina bifida present a 
range of functional impairments, including ambulation problems, bladder 
incontinence, bowel obstipation and cognitive deficits (Mitchell et al., 2004). Spina 
bifida with myelomeningocele (SBM) is the most severe and common form of spina 
bifida; it is associated with complex neurological pathology affecting the cerebellum, 
the corpus callosum, and posterior cortical areas (Dennis et al., 2006b; Fletcher et al., 
2004).
Due to the complex sequelae of cognitive and motor deficits associated with 
spina bifida, questions arise whether these deficits affect the acquisition of new skills. 
In general, new motor skills can be learned in an implicit or explicit manner. Implicit 
learning is described as incidental and unintentional with no conscious awareness of 
what has been learned (e.g. learning to ride a bike). In explicit learning, a person can 
verbally describe the learned information and learning can be manipulated by 
conscious strategy use (Thomas & Nelson, 2001). Gaining more insight pertaining to 
how learning in SB and SBM children occurs has obvious relevance for rehabilitation 
and educational programs. Only a few studies addressing motor learning in spina 
bifida can be found in the literature, and none of these focused on one particular 
aspect of motor learning: motor sequence learning. In this study we investigated 
whether despite their fine motor deficits children with spina bifida show normal 
motor sequence learning.
The impact of spina bifida on physical, neurocognitive, psychological, and social 
functioning is pervasive (Fletcher & Brei, 2010; Hunt et al., 1999; Hunt & Oakeshott, 
2003; Hunt & Poulton, 1995; Oakeshott & Hunt, 2003). In addition to ambulation 
problems, impaired fine motor function is clinically present in roughly two-thirds of 
children with SBM (Dennis et al., 2009). During early development infants show upper 
limb motor deficits comprising motor weakness, low motor speed, poor motor 
planning, as well as reduced bimanual coordination (Dennis et al., 2009; Fletcher et al., 
2004). Moreover fine motor function and visuomotor integration was frequently found 
to be impaired in children with SBM (Fletcher et al., 1995; Fletcher et al., 2005; Shaffer 
et al., 1986; Wills, 1993): handwriting and drawing are the most affected skills (Anderson,
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1975; Dennis et a I., 1999a; Hetherington & Dennis, 1999; Ziviani et al., 1990). These 
deficits have been attributed to impaired eye-hand coordination, a decrease in muscle 
force (Muen & Bannister, 1997; Norrlin et al., 2003), reduced fingertip force (Golge et al., 
2003; Norrlin et al., 2003), and poor motor quality as manifested in dysmetria and 
kinetic tremor (Hetherington & Dennis, 1999; Vinck et al., 2009). With regard to 
intellectual capabilities, children with spina bifida tend to have IQ scores in the low 
average to average ranges, thus slightly, but significantly, lower than those of healthy 
children (Fletcher et al., 2005; Wills, 1993). In addition, a distinctive neuropsychological 
pattern exists in SB and especially in SBM (Brookshire et al., 1995; Dennis et al., 2006b; 
Dennis et al., 2010; Donders et al., 1991; Erickson et al., 2001; Fletcher et al., 1992). Verbal 
ability is often stronger relative to nonverbal performance and perceptual skills 
(Fletcher et al., 2005; Snow et al., 1994; Yeates et al., 1995). Impairments in attention, 
memory (Loss et al., 1998; Rose & Holmbeck, 2007), and executive functioning are well 
documented, along with those in processing speed, visuomotor integration, and 
oculomotor learning (Dennis & Barnes, 2010).
Given this wide range of cognitive and fine motor impairments, one would expect 
children with SBM to also have difficulty in learning new motor skills. Acquiring novel 
motor patterns (e.g. dressing, handwriting, typing, or sports) require several actions to 
be executed in correct sequence; thus motor sequence learning is crucial in daily life 
activities (Willingham, 1999). Interestingly, the four motor-learning studies performed 
in spina bifida patients all showed intact motor learning and adaptation in the SBM 
participants (Colvin et al., 2003; Dennis et al., 2006a; Edelstein et al., 2004; Salman et al., 
2006). Upon closer examination, these studies focused on motor learning and not on 
sequence learning. The present study focuses on sequence learning, while strictly 
controlling for perceptual and motor processes which might confound the 
performances on the sequence learning task.
One aim of the current study is to establish whether children with spina bifida 
show normal motor sequence learning despite of their motor control difficulties. 
Using an electronic digitizer and the standard sequence learning paradigm in which 
a fixed-sequence block after learning is compared with a following random sequence 
block, we were able to disentangle motor factors from the specific factor of sequence 
learning.
One central feature, called Chiari II malformation, a congenital cerebellar 
malformation characterized by herniation of the cerebellum and medulla downward 
into the spinal canal and upward into the middle fossa, is a profound cerebral 
comorbidity associated with SBM. Dennis et al. concluded that many motor tasks for 
which SBM individuals show impairment are cerebellar tasks (e.g. rapid recruitment of
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temporally organized movements), suggesting that congenital cerebellar malformation 
associated with SBM may produce poor automatization of motor skills (Dennis et al., 
1999b). Until now, the extent to which congenital cerebellar malformations affect 
motor sequence learning has not been investigated. The second aim of this study is 
to investigate the role of cerebellar malformation in motor performance and motor 
learning. Therefore, we composed two subgroups based on the presence (SBM) or 
absence of cerebellar malformation (SB).
In this study, we focused on implicit learning which is unconsciously acquired as 
described above. Implicit learning contrasts to explicit learning which is usually fully 
conscious. Using an implicit learning paradigm for patients with spina bifida, allows us 
to eliminate the negative effects of cognitive impairments. Research has found no 
relationship between implicit learning and intelligence or, mental age (Thomas & 
Nelson, 2001; Vinter & Perruchet, 2000). Even patients with Alzheimer's disease, who 
suffer from profound impairments in memory and attention, profit from implicit 
learning (van Halteren- van Tilborg et al., 2007).
Of the several paradigms used to study implicit motor sequence learning, a serial 
reaction time task, the SRTT (Nissen & Bullemer, 1987), is the most widely used. In the 
classical SRTT, successive visual stimuli are presented at different locations on a 
monitor; participants need to respond by pressing spatially corresponding keys. To 
measure implicit SRTT learning, participants are not informed about the presence of 
the sequence that is typically embedded among randomly presented stimuli, thus no 
explicit knowledge is given. In the initial series of training trials, the stimuli are 
presented in a complex, but repetitive sequence; the responses tend to become faster 
due to implicit learning. In the standard design, these fixed sequence trials are 
followed by a block of random test trials. The typical effect of learning the sequence 
is shown in the magnitude of the increase of RT in the random block following the 
sequence blocks, while skill learning is expressed as a function of the relative reduction 
in the reaction times (RTs) recorded during the successive fixed sequence trials 
(Robertson, 2007). An interesting behavioral correlate of sequence learning is that 
participants show the effect of practice (in terms of faster responses) even when they 
are not consciously aware that the sequence has been repeated. We used a modified 
version of the SRTT task (see Methods) in the present study.
Design and hypotheses of the present study
The present study was prompted by our earlier studies (Vinck et al., 2006; Vinck et al., 
2010). In the current study, we composed a test battery which allows us to investigate 
underlying processes which might be confounders in the children's performance on
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a sequence learning task which included neuropsychological outcome measures on 
perception and motor coordination to investigate perception and motor performance. 
Using a process-oriented approach we assessed the quality of the children's motor 
performance by analyzing movement speed, movement fluency, and pen pressure in 
a simple computerized drawing task in which the load was predominantly on motor 
execution while visuo-spatial demands were kept to a minimum. We used a spatial 
motor sequence learning task (SMSLT), a modified SRTT that, instead of button presses, 
involves stylus movements in different directions similar to those used in the single 
line drawing task. Because an electronic digitizer was used for both the simple task 
and the motor sequence learning task, we could disentangle motor performance (as 
measured by movement time, fluency, and pen pressure) from motor sequence 
learning (as measured by a decline in reaction time).
We expected that children with spina bifida compared to healthy controls would 
show slower movement times, more dysfluency, and deviant pen pressure. However, 
since we will investigate implicit learning which is expected to be unrelated to 
intelligence and age (Thomas & Nelson, 2001; Vinter & Perruchet, 2000), we hypothesize 
that no differences among the three groups in sequence learning will be found.
Methods
Participants
A total of 46 children aged between 9 and 15 years participated in the study, 23 of 
whom (10 boys, 13 girls, mean age: 12;3 years) had been diagnosed with spina bifida 
at birth. All met the following inclusion criteria: (1) born with SB in our university 
hospital (Radboud UMC) or referred to our hospital for surgery after delivery in another 
hospital; (2) born between January 1, 1988 and December 31, 1997; (3) spinal surgery 
some time after birth; (4) conclusive T1-weighted Magnetic Resonance Images (MRI) 
evaluated by a pediatric neurologist (R.M.) confirming or precluding cerebral 
malformation according to the diagnostic codes of the ICD-10 (International 
Classification of Disease- 10th Revision); and (5) FSIQ>70 on the Dutch version of the 
Wechsler Intelligence Scale for Children-third edition, WISC-III (Wechsler, 2002). All had 
undergone an extensive neuropsychological assessment earlier as part of a larger 
study (Vinck et al., 2006). To assess specific effects of cerebral malformation, we 
composed two subgroups based on the presence or absence of cerebral malformation 
defined as either Chiari II malformation, and/or hydrocephalus and/or corpus callosum 
dysgenesis. The group of children with cerebral comorbidity (SBM) consisted of twelve
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children; the group without cerebral malformations (SB) had eleven children.
The control group comprised 23 age-matched children (mean age: 12;5 years) 
recruited from an elementary school and a high school. In addition to chronological 
age, we matched patients and controls on an estimation of verbal IQ to control for a 
confounding effect of intelligence (see below). To achieve this, a selection of children 
was made from among a large group of control participants. Only the variable gender 
was not matched, yielding 3 boys, 20 girls. However, careful matching on verbal IQ 
seemed more important to us than a matching on gender.
Table 1 Characteristics of the two patient subgroups and the controls
SB (n=11) SBM (n=12) Controls (n=23)
Sex (male:female) 3:8 7:5 3:20
Age (years;months) 12;3 12;7 12;5
Age range 9;6-15;6 9;2-15;4 9;6-15;7
SumScore on VIQ subtests 19.8 (4.7) 16.5 (3.8) 17.5 (4.7)
Age at spinal surgery (weeks; 
range)
median=49 
0 - 149
median=0 
0 - 45
--
Type of defect
n 
o
 
o 
"S
 
o> 
n = 
=1 
1 
o
Open=12
Closed=0
--
Arnold-Chiari malformation1 0 12 --
Hydrocephalus1 0 12 --
Callosal dysgenesis1 0 42 --
Level of spinal impairment (paresis) L4-S3 (mean=L5) T10-S1 (mean=L3) --
Notes.
1 As c o n firm e d  by MRI
2 U n k n o w n  fo r  th re e  p a tie n ts  as no  MRI w as  p e rfo rm e d
SB=spina b ifid a  w ith o u t  ce reb ra l m a lfo rm a tio n s ; SB M = sp ina  b ifid a  w ith  assoc ia ted  ce reb ra l 
m a lfo rm a tio n s
5
Table 1 lists the characteristics of the three study groups. There was no statistically 
significant difference in age (F(2,43)=0.7, p=.929) or estimated VIQ (F(2,43)=1.68, p=.199) 
among the three study groups.
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Written consent was obtained from the children and their parents; the Regional 
Committee on Research Involving Human Subjects approved the experimental 
procedures.
M aterial and apparatus
Neuropsychological tests: verbal intelligence
During a comprehensive neuropsychological assessment preceding the present study 
(Vinck et al., 2006), the children's cognitive ability was investigated using the Dutch 
version of the WISC-III (Wechsler, 2002). For the current study, two standardized 
subtests 'Information' and 'Comprehension' were assessed to match patients and 
healthy controls on intelligence. These subtests were chosen as an estimation of 
Verbal Intelligence because of their high correlations with the VIQ scale (also see the 
WISC-III manual).
Control tasks of (visuo)motor performance
The neuropsychological test Beery Developmental Test o f Visuomotor Integration (VMI) 
including the supplemental visual perception and motor coordination tests was 
administered (Beery, 1997). This outcome-oriented test was used as a control to check 
for gross perception and motor deficits.
Furthermore, a variant of a Fitts'task was used in which single lines have to be 
drawn to targets of different sizes. Task demands were reduced to a simple discrete 
movement while visuospatial demands were kept to a minimum. According to Fitts' 
Law, movement time will increase if target size decreases (Fitts, 1954). One would 
expect children with fine motor problems to show longer movement times and more 
dysfluency with decreasing target size compared to children without fine motor 
problems (Nijhuis-van der Sanden et al., 2002; Nijhuis-van der Sanden et al., 2004). 
Both the Fitts' task and sequence learning task are executed on a WACOM 1218 RE 
digitizer to record various movement variables such as movement time, fluency, and 
pen pressure. The non-inking electronic pen controls the cursor on the screen. To 
ensure an accurate comparison of the Fitts' control measure to the motor sequence 
task, the same experimental set-up was used.
The Fitts' task required discrete movements of 10 up and 10 down strokes between 
two targets, with target pairs having different orientations, either a 45/225° angle or a 
135/315° angle. The children were instructed to position the pen cursor in the lower 
target circle and after an auditory start signal to move it as quickly and as accurately 
as possible into the target circle, to then wait in the target circle for the next beep
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before moving the pen to the other target. The auditory signals were presented at 
random intervals (varying from 0.5-1.5 sec) and target widths differed, with diameters 
ranging between 0.22 cm, 0.44 cm and 0.88 cm. The distance between the centers of 
the targets remained constant at 2.5 cm (identical to the between-target distances in 
the motor sequence learning task (SMSLT).
Motor sequence learning
Motor learning was assessed using a spatial motor sequence learning task (SMSLT). 
Stimuli were presented on a computer screen and the tasks were performed set up 
described above. Participants were instructed to move the cursor (a red dot with a 
0.22-cm diameter) as quickly as possible towards a blue target circle (0.88 cm diameter) 
using the electronic pen. When the cursor had reached the target and stayed in it for 
a short period of at least 200 ms, this was signaled to the participant with a beep 
lasting 250 ms, and immediately, the next trial started with another target turning blue.
During a practice block consisting of 60 random trials, participants familiarized 
themselves with the task; all the other blocks consisted of 100 trials. The actual test 
comprised seven blocks (see Table 2): a first random trial block was followed by four 
blocks with a fixed sequence of ten trials (see Figure 1) which was repeated ten times, 
followed by the sixth block in which another series of ten random sequences of 
stimuli was presented. In the final block, a series of ten fixed sequences was presented 
again. Motor learning was defined if the RT and the MT decreased in the fixed 
sequence trials (blocks 2 to 5); the specific sequence learning was considered to be 
present if the RT in the last of the 4 sequence blocks (block 5) is lower than that in the 
subsequent random trial block (block 6). The finishing block (block 7) was again a 
sequence block, which was included to assess conscious awareness after the children 
had relearned the sequence.
Upon completing the 7 blocks of the SMSLT all children were asked some questions 
(uncued free recall) to assess their conscious awareness of the sequence: "Did you 
notice anything special during the task?". Children were then encouraged to 
demonstrate their explicit knowledge of the sequence using the electronic pen and 
the digitizer. They were told that the stimulus configuration they were about to be 
shown would be similar to the one presented in the previous trials, but this time the 
targets would not be turning blue. To assess the explicit knowledge, the method 
described by Thomas and Nelson (2001) was slightly adapted because of the higher 
complexity of our task. Instead of their strict criteria of a recall of eight sequential 
locations, children in our study were considered to have explicit knowledge if they 
correctly recalled or generated at least five sequential locations.
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Table 2 Distribution of the random and fixed sequence trial blocks in the 
spatial motor sequence learning task (SMSLT)
Fixed Sequence Number of trials
Practice 60
1 Random 100
2 Sequence 100
3 Sequence 100
4 Sequence 100
5 Sequence 100
6 Random 100
7 Sequence 100
Figure 1 A typical trial of the spatial motor sequence learning task (SMSLT) 
showing the target location (black circle) with the numbers 
and arrows indicating the structure of the sequence. (Arrows and 
numbers were not shown to the participants)
(X— o
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In general, the full assessment (neuropsychological and experimental tests) lasted 1 
hour and 15 minutes.
Dependent variables
For the Fitts' task, the main variables of interest were movement time (MT), defined as 
the interval (in sec) between the start of the first and the completion of the last 
drawing movement, dysfluency, the number of local velocity maxima per second, that 
were produced within the trajectory between targets, and mean pen pressure exerted 
during the trajectories.
For the SMSLT, the reaction time (RT), defined as the interval (in sec) between 
stimulus presentation and the start of the drawing movement, was derived from the 
digitizer recordings of the trajectories between targets. As for the Fitts' task, MT was 
recorded for the SMSLT. For each participant the mean RT and MT were calculated for 
each of the seven SMSLT trial blocks.
Data analysis
Neuropsychological tests. The standardized norm scores on the neuropsychological 
tests (Verbal IQ, VMI, Perception, and Motor Coordination) were evaluated using 
univariate ANOVAs with Group (SB, SBM, controls) as the between-subject factor.
Fitts' task. The outcome variables for the Fitts' task were analyzed with 3 x 3 
repeated measures ANOVAs (General Linear Model, GLM) with Target Width (3 levels: 
0.22 cm, 0.44 cm, 0.88 cm) as the within-subject factor and Group (SB, SBM, controls) 
as the between-subject factor. The effect of target width was investigated using linear 
contrasts and group effects were analyzed using Helmert contrasts (Controls vs. 
patients; SB vs. SBM).
SMSLT. Since our sequence task involved a combination of overall motor learning 
(operationalized as a general decrease in RT and MT across trials) and sequence 
learning (operationalized as the difference in RT between the last sequence and the 
subsequent random trial block), we performed the following analyses:
To gauge the overall effects of practice, we first analyzed the performance 
measures using GLM Repeated Measures ANOVAs (GLM) with Block (blocks 1 to 5) as 
the repeated measures factor and Group (SB, SBM, Controls) as the between-subject 
factor. Linear contrasts were used to assess the effect of trial block. To determine, the 
more specific and isolated effect of the sequence learning, we ran GLM Repeated 
Measures ANOVAs on blocks 5 (last of the first 4 sequence blocks) and 6 (random) 
with Group as the between-subject factor. For all analyses, group effects were further 
analyzed with Helmert contrasts.
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The effect of explicit posttest sequence awareness on response times was assessed 
by a repeated measures ANOVA with Blocks 5 and 6 as the within-subject factor and 
Group and Explicit awareness (Yes, No) as the between-subject factors.
Furthermore, to investigate the specific effect of implicit learning on sequence 
learning analyses of the difference in RT between block 5 and 6 were performed for 
the unaware group.
Data analyses were performed using SPSS and test results were considered 
statistically significant at a two-tailed probability level of p<0.05.
Results
First, the findings of the control tasks reflecting on the quality of the children's (visuo) 
motor performance as derived from the VMI and Fitts' task will be presented. Then, 
the results of the SMSLT overall motor learning and sequence learning will be 
described.
Contro l tasks of (v isuo)m otor perfo rm ance
Neuropsychological test
The results of the statistical analyses of the neuropsychological data are presented in 
Table 3 (page 97). No statistically significant group effect was found for VMI Visuomotor 
Integration and Perception. Motor Coordination showed a statistically significant 
group difference: the Helmert contrasts revealed statistically significant lower scores 
in the patient group as a whole as compared to the control group, but no statistically 
significant difference between the SB and SBM groups.
Fitts' task
Figure 2 (page 98) depicts the average of the mean MTs for the three study groups as 
a function of the three target widths (0.22, 0.44, 0.88 cm). Movement time measures 
yielded a main effect for target width (F(1,43)=120.37, p<.000 for MT) but no interaction 
effects were found between group and target width. The Helmert contrasts for the 
group effect revealed statistically significant differences between the children with 
spina bifida and the controls for MT (p=.021), with the children with spina bifida being 
overall slower on both variables for all target widths. The Helmert contrasts revealed 
no statistically significant difference between the subgroups (SB vs. SBM). Table 3 
shows the data on motor performance during the Fitts' task for movement time,
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Table 3 Results of the control measures for the three study groups; Means (SD) for the neuropsychological assessments and 
Means (SE) for motor performance on the Fitts' task
SB
(N=11)
SBM 
(N=12)
Controls
(N=23)
Group 
F (2,43)
Patients-
Controls
SB-SBM
P P P
Neuropsychological Perception 100.9(14.4) 97.3(12.26) 103.7(11.4) 1.04 .363 .221 .492
assessment Motor Coordination 98.1 (12.1) 91.2(10.0) 100.6 (8.8) 3.53 .038 .049 .103
VMI 93.1 (9.06) 99.6(14.8) 95.8 (9.7) 1.00 .376 .867 .169
Fitts' task Movement time 0.99 (0.72) 0.98 (0.07) 0.82 (0.05) 2.87 .068 .021 .858
Fluency 2.08 (0.24) 2.75 (0.23) 1.90(0.17) 5.35 .008 .023 .034
Pen Pressure 193 (23.66) 243 (23.66) 156(16.36) 3.09 .056 .030 .331
Note.
For the group and subgroup comparisons Helmert contrasts are reported
SB=spina bifida without cerebral malformations; SBM=spina bifida with associated cerebral malformations
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Figure 2 Motor performance for the three study groups derived from mean 
movement times (SEs) for the different target widths in the Fitts' task
Notes.
SB=spina b ifida w ith o u t  cerebral m a lfo rm a tio ns ; SBM =spina b ifida w ith  associated cerebral 
m a lfo rm a tio n s
fluency, and pen pressure. In the Fitts' task the movements made by the children with 
spina bifida were significantly less fluent than those of the controls. Subsequent 
examination revealed that in the SBM group dysfluency was significantly higher than 
that recorded for the SB group (see Table 3, page 97). The contrasts for pen pressure 
yielded a statistically significant Helmert contrast, with the spina bifida children
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Table 4 Motor learning and sequence learning: Results of the statistical analyses for the SMSLT trial blocks 1-5
and the block 5-6 contrast as the within-subject factors and study group as the between-subject factor
Block
F(1,43)
P Block*Group
F(2,43)
P Group
F(2,43)
P Controls-
Patients
SB-SBM
Motor learning: 
Blockl -5
RT 52.89 <.001 1.78 .181 2.21 .122 .048 .651
MT 51.20 <.001 1.27 .291 2.19 .124 .043 .932
Sequence learning: 
Block5-6
RT 62.17 <.001 1.20 .313 2.69 .080 .032 .559
MT 3.13 .084 0.32 .730 1.93 .157 .057 .799
Notes.
Effects of trial block and the block* group Interactions are linear contrasts, group comparisons are Helmert contrasts. 
SB=spina bifida without cerebral malformations; SBM=spina bifida with associated cerebral malformations
vOvO
Ln
exerting 
more 
pen 
pressure 
than 
the 
controls. No 
significant effect of target width 
on 
fluency 
and 
pen 
pressure 
was found.
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Figure 3 Results of the SMSLT (spatial motor sequence learning task)
Reaction times (means and SEs) for the three study groups for 
the consecutive random (R) and sequence (S) blocks
Notes.
SB=spina b ifida w ith o u t  cerebral m a lfo rm a tio ns ; SBM =spina b ifida w ith  associated cerebral 
m a lfo rm a tio n s
M o t o r  se q u e n ce  le a rn in g  in spina bif ida
Reaction times (means and SEs) for the three study groups 
specified for unaware and aware children
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We defined the learning curves recorded for the SMSLT trial blocks 1 to 5 to reflect 
overall motor learning, and the differences in the RTs recorded for blocks 5 and 6 
(fixed sequence vs. random) to specifically reflect sequence learning.
SMSLT: Overall m otor learning (trial b locks 1 to 5)
Figure 3 (page 100/101) shows the average and the standard deviation of the mean 
RTs for the three study groups for all SMSLT trial blocks. The results of the statistical 
analyses are presented in Table 4 (page 99).
As Figure 3 demonstrates RT decreased from blocks 1 to 5, increased in random 
block 6, and then decreased again in block 7, the last fixed sequence block (MT is not 
shown because it present a similar learning curve as found for RT). The main effect of 
Block (1 to 5) was statistically significant for both RT and MT, demonstrating that the 
children with spina bifida and the controls all showed implicit overall motor learning 
(see Table 4, page 99). The block by group interaction was not significant, indicating 
that the across-block differences in RT and MT were similar for the two groups and 
hence that learning was not affected in our SB and SBM groups. The RT and MT data 
did show statistically significant between-group differences, with the spina bifida 
children having longer reaction and movement times than the controls. Helmert 
contrasts revealed no statistically significant effects for subgroup (SB vs. SBM).
SMSLT: Sequence learning
Table 4 (page 99) presents the results of the GLM repeated measure analyses 
conducted to establish group-specific sequence learning effects as defined by RT and 
MT changes in the random trial block 6 relative to fixed sequence block 5. The 
comparisons revealed a statistically significant main effect for Block and a significant 
Group contrast (patients vs. controls) for RT, but not for MT.
Further additional univariate ANOVA analyses on the difference in RT between 
block 5 and block 7 (last sequence block after a random block) did reveal a statistically 
significant effect of group (F(2,43)=3.46, p=.040). The Helmert contrasts showed a 
significant group contrast between SB and SBM (p=.012), which suggests that, in 
contrast to SB (and controls), children with SBM did profit more from an extra block 
(block 7) with repetitions of the sequence (Figure 3, page 100/101).
102
M o t o r  se q u e n ce  le a rn in g  in spina bif ida
Explicit awareness
First we determined which children developed an awareness of the fixed sequence. In 
the control group, 11 of 23 (48%) children demonstrated explicit knowledge of the 
sequence, in contrast to 8 (5 children with SB (45%) and 3 with SBM (27%)) of 23 spina 
bifida children. These percentages were not statistically different among the three 
groups (Chi square(2)=1.797, p=.407).
The overall effect of explicit awareness for the difference in RT between block 5 
and block 6 was large and significant (F(1,40)=6.51, p=.015); no significant interaction 
effects were found.
Im plicit learning in unaware participants
The best test for implicit learning is to analyse the higher block 6 RT only for the 
unaware participants. The block 5/block 6 differences were significantly larger than 
zero (F(1,24)=14.30, p=.001), but these differences were about equal for the three 
groups (C=.016, SB=.018, SBM=.014; F(2,24)=0.101, p=.904). Also the block 6/block 7 
differences (F(1,24)=22.09, p<.001; C=.022, SB=.016, SBM=.033; F(2,24)=.928, p=.409) did 
not reveal significant (sub)group differences.
Discussion
The current study examined motor sequence learning in children with spina bifida 
(SB), those who in addition to spina bifida also had associated cerebral malformations 
(SBM), and a control group. The results confirmed our expectation that in contrast to 
healthy controls, SB and SBM patients showed impaired motor performance. Neuro­
psychological outcome measures revealed that VMI motor coordination was inferior 
in the patient groups, but their visuomotor integration and perception were similar to 
that of the control group. Impaired motor performance was confirmed with the 
findings from the Fitts' task: longer MT and RT were found in the spina bifida groups 
as well as poorer fluency and higher pen pressure compared to the controls. Values 
were the highest in the SBM group. Similar results were found for the motor sequence 
learning task (SMSLT): again, the children with spina bifida had longer reaction and 
movement times during performance relative to the controls.
However the main question, whether children with spina bifida show normal 
implicit sequence learning, has to be answered positive. The two spina bifida groups 
showed intact motor learning as shown in the similar learning curves on the SMSLT 
fixed sequence trial blocks (1-5). The increments in the patients' reaction times in the
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subsequent random trials (block 6) were again similar to the increases recorded for 
the controls, indicating that sequence learning was also preserved in both the SB and 
SBM group. The effect of the children's explicit knowledge, i.e. their having become 
consciously aware of the sequence, was profound: the children showing knowledge 
of the sequence after task completion had all responded substantially faster in the 
fixed sequence blocks and showed a far greater learning effect (as shown by an 
increase in RT for the random block 6 following the sequence blocks) than the children 
who did not notice the sequence. The response times for the children who were not 
consciously aware of the repeated sequence also showed a significant decrease, 
indicating that learning had occurred implicitly.
In conclusion, we found the motor quality to be impaired in the spina bifida group, 
most notably in the children with SBM, confirming the findings from a previous study 
on the same patient group, in which SBM was associated with kinetic tremor and 
dysmetria (Vinck et al., 2010). However, intact motor learning and sequence learning 
was present in both spina bifida groups.
Earlier studies on motor learning in children with SBM used a mirror drawing task 
(Edelstein et al., 2004), a ballistic task (Dennis et al., 2006a), a prism adaptation task 
(Colvin et al., 2003), and a saccadic adaptation task (Salman et al., 2006), with the first 
two studies showing normal motor learning and the latter two unimpaired motor 
adaptation. The ballistic task yielded better performance results than the mirror 
drawing task, in the latter patients made more errors than the controls. Dennis (2006a) 
suggested that the ballistic task requires the execution of a single, planned movement, 
whereas for mirror drawing motor learning involves ongoing adjustments and 
revisions based on visual feedback. These tasks all assess perceptual-motor and 
control of movement processes. We selected the SMSLT to specifically assess sequence 
learning to study implicit learning because this task has strong visuo-spatial 
components.
An unexpected finding of our study is the difference of RT in block 5 and the last 
sequence block 7, particularly in the SBM group. This result suggests these children 
seem to profit more from repetitions after the learning blocks. We assume that the 
children who had experienced more problems executing the SMSLT, as indicated by 
their longer RTs, might have been so focused on the motor control that they could 
not pay any attention to the sequence; being aware is a prerequisite for gaining 
explicit knowledge. In other words, children with poor motor control might spend 
more time and pay more attention to task performance per se and therefore might 
not be able to respond to the additional cognitive task demand. As a consequence, 
children might not be able to integrate the information, which is important to discover
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the sequence. A bias in information processing is also described by Dennis & Barnes 
(2010) as deficient "assembled processing" (defined as the ability to construct and 
integrate information), which is part of the cognitive phenotype associated with SBM. 
Dennis and Barnes (2010) argue that information processing in SBM involves strengths 
in cognitive areas in which the information is fixed or stipulated (e.g. vocabulary, word 
reading, categorical perception) versus weaknesses in constructs in which the 
information must be assembled or constructed (e.g. language/reading comprehension, 
figure/ground perception) (Dennis & Barnes, 2010). It would be interesting to 
investigate whether children with spina bifida after more intensive practice and 
repetition would eventually reach lower MT and RT after more practice blocks.
What do these results tell us about the role of cerebellar malformation in implicit 
learning in children with SBM? Our findings are in line with research performed and 
described by Edelstein et al. (2004), Dennis et al. (2006), and Dennis & Barnes (2010). In 
a recent article, these authors present a dissociation in motor function in SBM 
comprising intact motor learning and impaired motor functions requiring predictive 
signals and precise calibration of the temporal features of movements, resulting in 
deficits in smooth movement coordination as well as in the classical triad of dysmetria, 
ataxia, and dysarthria (Dennis et al., 2010). Thus, while cerebellar malformation does 
not appear to impair motor skill learning (Colvin et al., 2003; Dennis et al., 2006a; 
Edelstein et al., 2004), it does seem to affect motor control. However, since SBM is not 
only associated with cerebellar but also with other malformations of the brain, one 
can only speculate about the specific role of the cerebellum in the various motor 
domains.
Practical im plications and directions for future research
Based on the existing literature and our current findings, health professionals and 
teachers working with children with SB(M) need to allow for the children's specific 
cognitive and motor deficits. The problems in motor control, most notably in the 
children with SBM, will also negatively affect their academic performance since most 
activities at school involve fine motor skills, such as handwriting, drawing, typing, the 
manipulation of various implements like scissors, and of course, sports; in other words, 
skills that come (more) naturally to other children which are more or less automatically 
acquired, but that require concentrated effort in children with SB(M) and therefore 
take more time to become automated. Nevertheless, this study and others have 
demonstrated that children with SB(M) can become proficient in fine motor skills 
since they also show improvement through repetition and practice. The present 
results suggest that these children are able to learn with an implicit approach in which
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skills are mastered without conscious awareness, often simply by repeated exposure, 
however, especially children with SBM need more exercise and repetitions than 
normal controls. In practice this means that children need to be offered ample 
opportunity to exercise both learned and novel skills even though motor execution is 
relatively poor. One might also hypothesize that these children will profit less from 
explicit learning due to their cognitive deficits in working memory and attention, but 
further research needs to establish whether there indeed is a dissociation between 
implicit and explicit learning in this population. Future research should also incorporate 
functional brain imaging techniques to disentangle the specific contribution of the 
cerebellum to motor sequence learning and motor control on implicit learning in this 
population.
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S u m m a r y  and  g e n e ra l discussion
Summary
Spina bifida is a heterogeneous and severe congenital disorder of the central nervous 
system caused by incomplete closure of the neural tube. Several forms of spina bifida 
can be distinguished, varying from mild to severe. The most common form is mye­
lomeningocele. Besides a lesion of the spinal cord, this disorder is also associated with 
profound cerebral comorbidity. As a consequence, ambulation, bowel and bladder 
function, and cognitive functioning are frequently impaired. Owing to advances in 
medical treatment, the life expectancy of children with spina bifida has improved 
considerably, and nowadays most children reach adulthood. Even so, spina bifida 
remains a chronic disorder requiring life-long medical monitoring and treatment.
The studies described in this thesis form part of the Nijmegen Interdisciplinary 
Spina Bifida research programme (NISB), in which four disciplines participated 
(paediatric neurology, neuropsychology, theology, family psychology). The aim of this 
programme is to identify factors that influence outcomes in spina bifida, in order to 
develop more valid criteria for prognosis and clinical decision-making during the 
prenatal period and infancy. The aim of this thesis in particular, was to gain more 
insight into the factors contributing to the variability in neurocognitive functioning 
associated with spina bifida. This final chapter comprises a summary of each chapter, 
the main conclusions, methodological considerations, and implications for assessment, 
treatment, and prognostic counselling. Suggestions for further research are 
presented.
Chapter 1 presented an overview of the existing literature on spina bifida. Medical 
background information including clinical aspects of this severe congenital disorder, 
its prevalence and incidence, and treatment issues were described. Besides medical 
aspects, research about neurocognitive and psychological functioning of children 
with spina bifida was reviewed in detail. Findings about psychological and family 
functioning were also discussed.
The main conclusion of chapter 1 was that spina bifida is a complex congenital 
disorder associated with a considerable heterogeneity in neurological outcome and 
neurocognitive functioning, even within specific cognitive domains. Myelomenin­
gocele is the most severe form of spina bifida and is associated with extensive cerebral 
comorbidity (Chiari II malformation, hydrocephalus, corpus callosum dysgenesis, and 
additional microscopic brain anomalies). Because of the substantial clinical 
heterogeneity, it remains difficult to predict the long-term outcome of spina bifida 
and thus to formulate valid treatment guidelines.
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Chapter 1 further addressed the neurocognitive profile associated with spina 
bifida in more detail, focusing on attention and memory, executive functioning, motor 
functioning, and language. Historically, earlier research consisted of clinical neuro­
psychological studies and was focused on global cognitive outcomes and the 
cognitive profile, in order to determine strengths and weaknesses in cognitive 
functioning (Donders et al., 1991; Fletcher et al., 1992; Fletcher et al., 1995; Horn et al., 
1985; Iddon et al., 1996; Iddon et al., 2004; Wills et al., 1990; Wills, 1993). In the last 10 
years, a more experimental approach has been taken to investigate the variability in 
cognitive functioning between patients, and also within particular cognitive domains 
(Colvin et al., 2003; Dennis et al., 2002; Dennis et al., 2004; Dennis et al., 2005; Edelstein 
et al., 2004; Wiedenbauer & Jansen-Osmann, 2006; Wiedenbauer & Jansen-Osmann, 
2007). However, both approaches have methodological shortcomings. Most of the 
clinical outcome studies used traditional, clinic-based tests to document 
neurocognitive functioning (e.g., memory). While the performance of these tests 
requires the integration of various skills, outcome measures are typically based on the 
end result of this performance and not on the processes involved. Thus, one limitation 
of the clinical approach is that the neuropsychological processes underlying poor test 
results are not identified. In contrast to these global clinical outcome studies, the 
focus of experimental studies is specifically on one particular cognitive process (e.g., 
visual attention). As a consequence, the findings of these studies are restricted to this 
one aspect, which limits the generalizability of results to daily practice and individual 
patients. Another methodological limitation is that studies do not analyse a range of 
cognitive outcomes in the same individuals, so the interrelations among domains are 
not adequately understood. Lastly, many global outcome studies were less specific 
regarding the heterogeneity of participants' neurological problems. This challenging 
topic was addressed in previous research by comparing patient groups with spina 
bifida of different severity or patients with hydrocephalus of different aetiology.
The studies described in this thesis addressed the abovementioned methodological 
challenges and applied both the clinical neuropsychological and the experimental 
approaches to the same group of patients. This combined approach allowed us to 
assess the variability in cognitive functioning associated with spina bifida by 
investigating global cognitive functioning, cognitive profiles, and more specific 
underlying cognitive processes. Furthermore, to gain more insight into the neurological 
factors involved, we sought to relate the neuropsychological results to the cerebral 
comorbidity seen in patients with spina bifida. To this end, we distinguished between 
patients with open spina bifida, i.e. myelomeningocele with cerebral comorbidity or 
without cerebral comorbidity (referred to as SBM versus SB, respectively).
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The study described in chapter2 applied a clinical neuropsychological approach 
to determine the cognitive outcome and cognitive profile of our study group. To this 
end, 46 children aged 6 to 15 years underwent a comprehensive neuropsychological 
assessment (examining cognitive domains such as general intelligence, visual analysis 
and synthesis, visuomotor function, verbal and non-verbal memory, processing speed, 
verbal skills, and verbal fluency) and an attempt was made to identify the effects of 
cerebral comorbidity (hydrocephalus versus Chiari II malformation) inherent to spina 
bifida.
The results described in chapter 2 revealed that the cognitive scores of patients 
with spina bifida were in the below-average to low-average range compared with 
those of healthy children. A discrepancy between verbal IQ and performance IQ, in 
favour of the former, was found even in children with SBM who were not mentally 
retarded. No such difference was found in the SB group (without cerebral comorbidity). 
With respect to the cognitive profile, children with SBM were more severely impaired 
than children with SB on the following cognitive domains even after exclusion of the 
severely disabled children: visual analysis and synthesis, visuomotor function, verbal 
memory, and verbal fluency. No differences between the patient groups were found 
for non-verbal memory, processing speed, and verbal skills.
Two methods were used to identify the specific influence of Chiari II malformation 
on the cognitive profile of patients with spina bifida. Firstly, the effect of hydrocephalus 
was controlled for by selecting non-retarded children with SB or SBM, matched for 
verbal IQ, excluding those patients who had mild or well-treated hydrocephalus. 
Secondly, the specific characteristics of the cognitive profile found in our study were 
compared with those reported in the literature on cerebellar disorders unrelated to 
spina bifida and various types of hydrocephalus (i.e., not specifically linked to spina 
bifida). We concluded that cerebral comorbidity affects the cognitive outcome and 
profile of individuals with spina bifida. Furthermore, our data suggest that impaired 
visual analysis and synthesis are both affected by hydrocephalus and Chiari II 
malformation, whereas deficiencies in verbal memory and fluency may be attributed 
to Chiari II malformation alone.
The study described in chapter3 investigated attention functions in our patient 
group. As mentioned in chapter 1, spina bifida is associated with a variety of 
neurocognitive and fine motor deficits. As a consequence, it remains unclear to what 
extent the performance of children with spina bifida on traditional and clinical 
attention tests is confounded by these accompanying deficits. To investigate this 
issue, we applied both the clinical neuropsychological and the experimental approach 
to the same patient group. In the clinical neuropsychological approach, a general
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profile of attention function was assessed with respect to four attention domains: 
focused attention (i.e., the ability to select relevant stimuli from a broad array), 
sustained attention (the capacity to maintain focus and alertness over time), encoding 
(the ability to hold information 'in the mind' for immediate manipulation or action), 
and distractibility/impulsivity. In the experimental approach, we focused on 
contrasting tasks within each attention domain to eliminate confounding cognitive 
functions. To this end, we compared the results from the traditional attention tests 
requiring complex cognitive and visuomotor skills, to computer-based attention tasks 
designed to minimize the potential confounding effects of any additional deficits. 
The performance of children with SBM on both the complex and the simple tasks of 
all four attention domains was compared with that of a closely matched control group 
of children with SB, who displayed no or minor cognitive and visuomotor deficits.
Results revealed that the scores of children with SBM were lower on the complex 
traditional attention tests than those of children with SB. However, when interfering 
cognitive and visuomotor requirements were eliminated by using simple computerized 
tasks, primary attention deficits were no longer found. Furthermore, in contrast to 
traditional tasks, scores on the computerized attention tasks were not correlated with 
IQ scores or visuomotor skills. We concluded that the combination of both approaches 
is appropriate and successfully identifies attention functions without interference 
from the confounding influence of visuomotor and cognitive functioning. These data 
were used to formulate recommendations for the assessment of attention functions 
not only in children with spina bifida, but more generally in complex paediatric 
patient populations.
In the study presented in chapter 4, we applied a comparable approach to that 
described above, using a combination of a neuropsychological assessment and an 
experimental approach, but this time we studied the interrelatedness of motor and 
cognitive functions. The aim of the study was to explore to what extent motor 
performance and quality in spina bifida are related to deficiencies in the visuomotor 
domain and to the overall cognitive impairment. The role of cerebral malformations in 
the observed deficits was also assessed. The study group comprised 41 children of 
whom 22 had cerebral malformations. The test battery consisted of measures to 
investigate cognitive functioning (general intelligence test), visuomotor functioning 
(Beery's Test of Visual-Motor Integration, VMI), fine motor functioning (Manual 
Dexterity Scale of the Movement Assessment Battery for Children), quality of fine 
motor performance (kinematic tremor and dysmetria), and motor speed (computerized 
task of the Amsterdam Neuropsychological Test Battery). Differences in performance 
on these tests in subgroups of children with and without cerebral malformations were
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investigated, and the relationship between cognitive and fine motor functioning was 
examined.
Deficits in motor quality and a higher than expected incidence of impairment of 
fine motor functioning were found in the children with cerebral malformations, even 
in those who were not mentally retarded. In the full cohort of children, cognitive and 
motor performance outcomes were strongly related. However, after eliminating the 
most severely disabled children, fine motor function appeared to be independent of 
verbal or performance IQ or VMI. Compared with children with SB, children with SBM 
performed worse on tests of performance IQ, visuomotor functioning, and motor 
quality, but not on tests of fine motor functioning or overall motor speed. Our findings 
underscore the role of cerebral malformations in spina bifida and their consequences 
for neuropsychological functioning. In conclusion, although as a group children with 
SB or SBM show both cognitive and fine motor deficits, for diagnostic and intervention 
purposes the functioning of these two domains should be assessed and trained 
separately.
All the studies performed so far revealed that children with spina bifida have 
motor deficits. The focus of the study presented in chapter5 was on the acquisition of 
motor skills by patients with spina bifida. It was questioned whether the complex 
cognitive and fine motor deficits of these children affect the acquisition of new motor 
skills, and what would be the most appropriate way to teach motor skills to patients 
with motor impairments. In particular, the main focus of the study described in 
chapter 5 was on implicit learning, which is learning by practice and without 
consciously intending to do so. One important consideration when using an implicit 
learning paradigm for patients with spina bifida is that the negative effects of cognitive 
impairments can be eliminated.
Children with a full-scale intelligence quotient of >70 and healthy age-matched 
controls participated in this study. We composed a test battery with outcome-orient­
ed tests and computerized tasks, which allowed us to investigate processes that might 
confound performance on the sequence learning task. Implicit learning was assessed 
by means of a spatial-motor sequence learning task (SMSLT), while strictly controlling 
for perceptual and motor processes. The quality of the children's motor performance 
was assessed with a simple drawing task, in which emphasis was predominantly on 
motor execution while visuo-spatial demands were kept to a minimum. For both the 
SMSLT and the drawing task, a digitizer and an electronic pen were used to record 
kinematic variables such as reaction time, movement time, fluency, and pen pressure. 
Our results revealed that, despite impaired motor performance, motor sequence 
learning was preserved in children with SB or SBM. Compared with healthy controls,
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the two patient groups showed significantly longer reaction and movement times, 
more dysfluency, and higher pen pressures during motor execution, with the SBM 
group performing worse than the SB group.
In conclusion, like their healthy counterparts, children with SBM are able to learn a 
new motor skill in an implicit approach, in which skills are mastered without conscious 
awareness, often simply by repeated exposure.
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General discussion
In this section, the results of the studies described in chapters 2 to 5 are put into 
perspective with regard to the research questions formulated in chapter 1 and the 
existing literature on spina bifida.
(1) How do children with spina bifida perform on cognitive tasks and what are the strengths
and weaknesses in their neurocognitive profile?
The clinical neuropsychological approach described particularly in chapter 2 allowed 
us to answer this question. Our findings regarding cognitive outcomes in spina bifida 
are consistent with the literature: even though children with spina bifida show the full 
range of intellectual ability, the intelligence distribution is shifted towards the lower 
end of the spectrum by about a standard deviation (Dennis & Barnes, 2010; Jacobs et 
al., 2001; Wills, 1993). This reduction is mainly due to a diminished performance IQ, 
which encompasses skills of logical and spatial thinking, processing speed, and visual 
perception (Brookshire et al., 1995; Donders et al., 1991; Fletcher et al., 1992). Our results 
show that the discrepancy between verbal IQ and performance IQ, in favour of the 
former, is associated with cerebral comorbidity, even in non-retarded children with 
SBM.
As described in chapter 1, there is a considerable body of literature on the cognitive 
strengths and weaknesses of children with spina bifida, and on the substantial 
variability in cognitive functioning, even within particular cognitive domains, such as 
attention or motor functioning (Dennis et al., 2006; Dennis & Barnes, 2010). We found 
significant differences in performance between the children with SBM and SB for the 
specific cognitive domains investigated, namely, general intelligence, visual analysis 
and synthesis, visuomotor function, verbal and non-verbal memory, processing speed, 
verbal skills, and verbal fluency. Children with SBM showed impaired visual analysis 
and synthesis, visuomotor function, verbal memory, and verbal fluency, even after 
correction for global cognitive impairment.
Owing to the complexity of cerebral comorbidity, it remains difficult to disentangle 
the specific contribution of each malformation. We found a relationship between 
cerebral malformations and functioning in several cognitive domains. In general, 
children with cerebral comorbidity had significantly poorer cognitive and (fine) motor 
functioning, especially on tests of performance IQ, visuomotor functioning, and 
motor quality (kinetic tremor and dysmetria). No such effect of cerebral malformation 
was found on fine motor function (as assessed by manual dexterity tasks) and simple 
motor speed.
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The cerebellar malformations seen in individuals with spina bifida are proposed to 
play a key role in the cognitive and motor profile of affected individuals. For example, 
Norrlin and Dahl (2004) discussed the possible role of the cerebellum in motor tasks 
in spina bifida. They stated that: "motor commands are continuously updated by the 
cerebellum during the course of the movement in order to ensure movement 
precision. Both brainstem and cerebellar dysfunction could induce coordination 
problems, manifested by longer and less straight movements in the spina bifida group 
compared with controls" (Norrlin & Dahl, 2004). A recent study by Dennis et al. (2004) 
confirmed the role of the cerebellum/midbrain malformation in producing the motor, 
spatial, and attentional deficits characteristic of children with SBM. They reported that 
the cerebellar volume, in terms of both grey and white matter, was significantly 
reduced in children with SBM. Crucially, this reduction in volume was correlated with 
the severity of a central timing deficit related to rhythmic finger movements. These 
results are consistent with the idea that many of the cognitive tasks with motor 
requirements on which individuals with spina bifida and cerebral comorbidity have 
an impaired performance are tasks that involve the cerebellum, in particular 
coordination (Dennis et al., 2004).
In conclusion, our findings add to the available literature on the heterogeneity of 
the cognitive functioning of individuals with spina bifida and highlight the necessity 
of comprehensive assessment rather than relying solely on estimates of IQ (Hommet 
et al., 1999; Jennekens-Schinkel et al., 2009; Snow et al., 1994; Wills, 1993). A great deal 
of work remains to be done to identify the exact neuropathological mechanisms that 
account for the neurocognitive sequelae associated with spina bifida. On the basis of 
our findings, we conclude that neither hydrocephalus nor Chiari II malformation alone 
can sufficiently explain the variability in cognitive functioning. We used a speculative 
theoretical approach to disentangle the specific contribution of hydrocephalus and 
Chiari II malformation to cognitive functions and suggest that deficits in visual analysis 
and synthesis are most likely due to hydrocephalus and Chiari II malformation, while 
deficits in verbal memory, fluency, and motor quality are most likely influenced by the 
cerebellar malformation only.
(2) Which underlying cognitive processes contribute to the heterogeneity o f the cognitive 
profile associated with spina bifida, in view o f their com plex cerebral malformations? 
Does this heterogeneity have consequences for the validity o f neuropsychological 
assessment in com plex paediatric neurological disorders?
Children with spina bifida form a heterogeneous group with respect to their cognitive 
outcome and profile. This has prompted a search for underlying deficits, in order to
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learn whether the cognitive and academic development of these individuals is 
hindered by the core deficits. Dennis et al. (2006) proposed a model of outcome in 
SBM showing how the cognitive phenotype is related to information processing char­
acteristics, core deficits, environmental influences, and primary and secondary 
damage of the central nervous system (CNS) associated with the disorder. Their model 
stipulates that the primary CNS damage leads directly to a set of core deficits in timing, 
attention orienting, and movement that interfere with cognitive and motor 
development. In line with this model, the current research focused on a detailed 
examination of attention and motor functioning.
Adequate attention and motor abilities are prerequisites for almost every activity 
in daily life, especially scholastic progress. Children have to pay attention to instructions 
in order to adequately execute a task. They have to stay focused on the task during its 
performance and inhibit other irrelevant information. As a consequence, poor 
attention abilities may influence diverse fields of academic progress, such as reading 
and writing, text comprehension, and mathematical abilities. The same is true for 
motor function: gross and fine motor functioning is also crucial to most activities. 
Obviously, the ambulation problems of individuals with spina bifida impair functioning 
in daily life and, as such, can be considered an important determinant of the child's 
educational career and independence (Barf et al., 2004). Fine motor deficits are also 
common, particularly when visually guided motor movements, such as writing, 
drawing, and fine motor manipulation of objects, are necessary.
In addition, a basic level of adequate attention and motor abilities is a prerequisite 
for a valid neuropsychological examination of individuals with spina bifida. If not or 
insufficiently recognized, impaired attention and motor functions can be serious 
confounders of neuropsychological outcome-oriented test results. Lowered 
performance IQ relative to verbal IQ might well be confounded by the dependence of 
intelligence subtests on functions such as motor coordination, dexterity (Baron, 2004), 
and attention. It is important to investigate both attention and motor domains in 
more detail, to disentangle them from other aspects of cognitive functioning, and to 
establish a reliable profile of cognitive strengths and weaknesses associated with 
spina bifida.
The approach used in the studies described here incorporated both a clinical neu­
ropsychological evaluation and an experimental approach applied to the same 
patient group. This method allowed us to investigate the interrelations between 
different cognitive functions, i.e., attention and motor function, and their underlying 
processes. Surprising results were found for both attention and motor functioning. If 
the confounding effects of fine motor and information processing impairments were
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controlled for by using computerized tasks, attention and IQ were no longer found to 
be correlated, and attention appeared to be independent of visuomotor functioning. 
Thus, although clinically children with SB and SBM manifest attention difficulties, our 
findings suggest that these attention deficits are due to the high demands that the 
motor aspects of the task pose for these children. Likewise, impaired motor quality 
and fine motor function, i.e., motor slowness, are major determinants of the variability 
in cognitive functioning in these children. Our results, described in chapter 5, showed 
that despite an impaired motor control, children with SB and SBM have preserved 
motor learning. These results are consistent with recently published literature. Dennis 
et al. stated that, for movement, there is a processing bias in both preschoolers and 
school-aged children with SBM that favours motor adaptation and learning over 
motor control (Dennis et al., 2010; Dennis & Barnes, 2010).
In summary, children with spina bifida exhibit substantial variability in their 
cognitive functioning. On the basis of our results, we can conclude that motor 
slowness due to impaired motor quality is an important underlying process that 
contributes to the variability in performance on several domains of academic 
functioning as well as on outcome-oriented neuropsychological tests. Spina bifida 
does not appear to be associated with a primary attention deficit, as measured with 
simple computerized tasks.
We can conclude that the different neuropsychological approaches applied in our 
study allowed us to systematically investigate the variability in cognitive functioning 
in these children with complex neurological problems. In addition to the 
comprehensive neuropsychological examination, different methods, such as 
computerized attention tasks and the use of an electronic tablet, were compared 
with traditional paper-and-pencil tasks of cognitive functioning. Our results showed 
that attention function assessed by means of computer tasks is different from that 
assessed with traditional paper-and-pencil tasks, in this complex patient group. Our 
results add to the available knowledge that for all attention domains, except one, 
attention deficits are absent in this patient group when task demands are free from 
visuo-spatial and motor requirements. Therefore, we conclude that, for this patient 
group with a complex neurological disorder, computerized tasks are more appropriate 
than traditional tasks for assessing attention. For the motor domain, likewise, a test 
battery was composed to address confounders in the children's performance of a 
motor sequence learning task. As an alternative to the outcome-oriented assessment, 
such as applied in the literature and in the study described in chapter 4, a process- 
oriented procedure was applied by using an electronic writing tablet (chapter 5). This 
approach provided additional insight by carefully disentangling underlying aspects
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of motor performance (such as those measured by pen pressure, fluency, and 
movement time) from motor sequence learning (as measured as a decline in reaction 
and movement time). We found that children with spina bifida had intact motor 
learning, but impaired motor quality and slow movement times. Since many traditional 
neuropsychological tests require a complex motor response, psychomotor slowness 
and impaired motor quality interfere with test performance and thus have to be taken 
into account when tests results are interpreted.
Our study provides important insights into the validity of neuropsychological 
assessment in patient groups with complex neurological deficits. Usually, test norms 
are based on a population of normally developing children in which the integration 
of the different cognitive functions is not impaired. Wechsler Performance Scale 
subtests, for example, demand adequate vision and visual discrimination, visuomotor 
coordination, gross and fine motor skills, the ability to work quickly and efficiently, 
and the ability to communicate responses to the examiner. Normally developing 
children face this complex interplay of demands without problems (in the construction 
of test items these basic skills are taken for granted), whereas children with neurological 
disorders are confronted with tasks that cost them much more effort because of their 
cognitive and motor impairments. Thus, test norms assume that the complete chain 
of involved cognitive functions of the subject is adequate. However, due to (fine) 
motor and specific cognitive impairments, this assumption is not met for children 
with spina bifida, and also children with ataxia telangiectasia (see supplement of this 
dissertation). As a consequence, the accuracy and validity of the test as far as applied 
to a specific patient category, can be questioned and one should realize that the use 
of standard measures of intelligence and cognitive functions for assessing complex 
neurological disorders might not be appropriate.
We conclude that the interpretation of neuropsychological test results is valid only  
if the scores are evaluated against the context of the subject's associated impairments. 
More specifically, for patients with complex neurological disorders, test results must 
be interpreted in the context of visuomotor, specific information processing, and 
speech-language difficulties. In clinical practice, in addition to assessment of global 
intelligence level, more specific cognitive tasks are needed to understand and 
interpret the profile of strengths and weaknesses in a valid manner.
In addition, the interpretation of test results should be placed into a developmental 
perspective. As a particular example, in spina bifida, verbal skills develop normally, 
whereas visuo-spatial performance is one standard deviation below average. This is 
very important because the discrepancy has consequences for the acquisition of 
academic skills, such as mathematical abilities. To give a clear example, English et al.
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(2009) described the significant contribution of fine motor and visuo-spatial skills to 
mathematical abilities, with fine motor skills as measured by a task of fine motor 
dexterity (placing small grooved pegs into a pegboard) being found to be related to 
counting concepts and visuo-spatial skill related to quantity comparison.
A general comparison between our study conducted on spina bifida and the 
supplemental study on ataxia telangiectasia suggests that respectively, congenital 
and acquired cerebellar pathology might -at least partly- explain the complex profile 
of cognitive strengths and weaknesses. A review of the literature shows that a wide 
range of pediatric neurological and psychiatric disorders is associated with cerebellar 
dysfunction revealing a complex picture of not only motor, but also cognitive 
disabilities (Steinlin, 2008; Tavano et al., 2007). In our studies, the overall level of 
cognitive abilities in the older children with ataxia telangiectasia seems much lower 
than in the children with SB and SBM. This might suggest that a progressive disease of 
the cerebellum has a more devastating effect on the development of cognitive 
functions than a stable, congenital malformation. Further research should be directed 
to the specific influence of congenital and acquired cerebellar disorders on cognitive 
development.
In conclusion, a standardized, outcome-oriented neuropsychological investigation 
is less valid for children with complex neurological deficits because of the confounding 
effect of the underlying cognitive deficits, which often involve attention and motor 
functions. Our results highlight the necessity of a comprehensive assessment of 
cognitive functioning. Special attention should be focused on the underlying 
cognitive processes that might influence test performance. In patient groups with 
complex neurological disorders, a valid neuropsychological assessment should 
carefully take into account underlying fine motor and attention problems, even in 
those patients who have only subtle impairments. Test scores only become meaningful 
in the context of the entire profile of global intellectual functioning and specific 
cognitive and motor functioning.
Additional methodological considerations
Many studies, including ours, have involved school-aged children, which means that 
the evolution of cognitive impairment (in infants and preschoolers) and the interrelat­
edness between different elements of development are not addressed. To include 
these issues, we performed a prospective study. Infants, born with spina bifida in our 
hospital between 2002 and 2008, were assessed by means of the Bayley Scales of
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Infant Development at 2.5 years of age, while a neurological examination was 
conducted after birth and at the age of 2.5 years. However, the small sample size 
limited analysis of the results. One important reason for the small sample size is the 
decreasing number of newborns with spina bifida in the Netherlands, because of the 
widespread practice of periconceptual folic acid use and termination of pregnancy. 
However, preliminary results revealed that even at the very young age of 2.5 years, 
children with spina bifida display a discrepancy between motor and mental 
development in favour of the latter: motor development was severely delayed (mean 
Bayley Motor Score=62.1, SD=15.0) whereas cognitive development was within the 
low average range (mean Bayley Mental Score=88.8, SD=20.4) compared with 
reference scores for healthy children. Research addressing the interrelations between 
different aspects of development in children with spina bifida (particularly how early 
motor deficits influence specific aspects of cognitive and academic development) 
will be most informative when groups of children are followed up from early infancy 
through school and beyond. For this reason, a longitudinal study design should be 
applied to our prospective group to gain more insight into the developmental 
maturation and patterns of developmental change of individuals with spina bifida.
Another interesting approach to address the neuropathological heterogeneity 
would be to relate quantitative brain measures (e.g., volumetric measures with 
magnetic resonance imaging) or brain imaging techniques to cognitive functioning. 
In collaboration with the F.C. Donders Centre for Cognitive Neuroimaging, we started 
a study of the neural correlates of implicit learning tasks in spina bifida, and specifically 
the role of the cerebellum. Wang et al (2003) reported promising results concerning 
the implementation of the arterial spin labelling (ASL) technique as a tool for perfusion 
imaging in children, a totally non-invasive technique that does not require intravenous 
injection (Wang et al., 2003). We performed a pilot study in which the perfusion of the 
cerebellum of three adult persons was assessed using this technique. However, the 
slides of the cerebellum were blurred and the perfusion could not be assessed 
successfully. This methodological problem has not yet been resolved.
Because of the complexity and heterogeneity of spina bifida, it is difficult to select 
an appropriate control group. Previous studies addressed this problem by comparing 
different patient groups, i.e., hydrocephalus due to different aetiologies. However, the 
underlying neuropathology of acquired hydrocephalus might be entirely different 
from that of congenital hydrocephalus. A comparison with normal age-matched 
control children would have been another option, but we felt that SB without 
hydrocephalus or other evidence of CNS involvement would provide a better control 
group.
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Furthermore, we did not take medical parameters such as level of lesion and shunt 
revisions into account in the statistical analyses performed in our studies. Other 
studies found that these factors influence cognitive outcome in spina bifida (Shaffer 
et al., 1985; Wills, 1993). More recently, the results of a cross-sectional Dutch study 
(ASPINE study, Adolescents with Spina Bifida in the Netherlands) revealed that 
high-level lesions (lumbar 2 and above) are associated with a poor cognitive outcome 
(Verhoef et al., 2004). Barf et al. (2003) found, in the same patient group, that in patients 
with hydrocephalus, five or more shunt revisions had a negative effect on IQ (Barf et 
al., 2003). However, the literature is conflicting regarding the effect of shunt revision 
on cognition (Heinsbergen et al., 2002; Ralph et al., 2000). It should be noted that a 
higher level of lesion and having associated pathology are frequently positively 
related to the number of shunt revisions, which makes it difficult to disentangle the 
effect of each of these factors.
Clinical implications
Implications for neuropsychological assessment
Although there are similarities in the neurocognitive functioning of individuals with 
spina bifida, there is also considerable variability. Moreover, the heterogeneity in 
cognitive functioning occurs even within the different cognitive domains. Our results 
highlight the necessity of an individual and comprehensive neuropsychological 
assessment of school-aged children with complex neurological disorders, such as 
spina bifida. However, the neuropsychological challenges of spina bifida are present 
early in life, are comprehensive in nature, and are a significant impediment to academic 
learning, social competence, and adaptive functioning throughout the life span. Thus, 
they directly impact the long-term outcomes and independence of affected 
individuals. Furthermore, the variability in cognitive functioning makes it difficult to 
establish a long-term prognosis. For this reason, it is even more important to start 
monitoring patients at a young age. Crucial time points for a neuropsychological 
assessment in the child's development are starting kindergarten, starting school, and 
entering secondary education. However, it is not necessary to investigate each 
cognitive domain in each individual child at each stage of development. As 
developmental demands change over time, the focus of the assessment should also 
be adapted to the needs of the particular developmental stages in order to discover 
and address problems as soon as they develop. For example, while cognitive 
assessment should be considered important in younger years, emotional well-being
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and psycho-social functioning should be the focus of assessments during adolescence 
and young adulthood.
More insight into the cognitive outcome and the profile of neuropsychological, 
psychomotor, and speech-language functioning of these children is a prerequisite for 
providing appropriate support in the school environment. For school-aged children, 
like those who took part in our studies, such an assessment should incorporate an 
evaluation of cognitive and motor functioning.
Implications for education and other interventions
Insight into the attention problems of children with spina bifida and the influence of 
these problems on other cognitive processes and academic outcomes is crucial for 
developing both early and later intervention programmes and cognitive and academic 
support. A challenge for rehabilitation is to support children, with their individual 
abilities, in their development into adulthood and their integration into society. 
Education plays an important role in this process. About 50% of children with spina 
bifida with or without hydrocephalus require special education (Barf et al., 2004).
In the Netherlands, the parents of disabled children are often advised to start the 
education of their children in regular preschool and kindergarten. When the child is 
older and its educational demands increase, it can be transferred to a school more 
adapted to the child's individual needs, if appropriate. Barf et al. (2004) investigated 
the educational career and predictors of type of education in children with spina 
bifida in the earlier mentioned ASPINE study. Results revealed that intelligence level, 
the presence of hydrocephalus, and wheelchair dependence were the main predictors 
of attending special education (Barf et al., 2004).
For the school situation, several practical recommendations can be made: 
Teachers and caregivers should take into account the discrepancy in the cognitive 
profile of their pupils, such as the difference between verbal and performance IQ. A 
relatively high verbal intelligence frequently masks discrepancies in the cognitive 
profile. This carries the risk that the child's functional capacities are overestimated.
Furthermore, awareness that children with spina bifida exhibit motor slowness is 
crucial and may encourage interventions and tailored remedial actions. Slow writing 
and drawing may prevent the children from meeting the time constraints often 
involved in schoolwork and impede academic progress (English et al., 2009; Jen- 
nekens-Schinkel et al., 2009). Some recommendations for interventions can be made 
on the basis of the results of implicit motor sequence learning. Our data showed that 
even children with SBM are able to acquire a new motor skill in an implicit manner 
with repeated practise. "Learning by doing" is an approach that might facilitate
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learning in these children. Research into other learning strategies, such as explicit 
learning, is needed.
Professionals and caregivers should be aware that cognitive impairments may 
exist and can affect activities and participation even in patients with apparently 
normal intellectual functioning. Psycho-social support might be needed for children 
with other types of spina bifida and minor disabilities as well as those with SBM with 
severe disabilities (Schoenmakers, 2003). Furthermore, insight into the cognitive and 
motor outcomes of children with spina bifida is important for perinatal prognostic 
counselling. On the basis of our study, realistic indications can be given about the 
overall outcome and specific disabilities of children with SB and SBM. Our study 
showed that patients with cerebral malformation have a more variable (larger variance) 
overall level of intellectual functioning, which is about one standard deviation below 
average, and have specific deficits in cognitive and fine motor functioning. The 
precise relation between these aspects and perinatal parameters still needs to be 
studied, in order to make individual prognosis possible. Multiple factors are involved, 
not only child factors as assessed in the studies described here, but also the social 
context, such as family functioning and personality of parents, contribute to the 
balance between burden and coping abilities/resilience of parents (Vermaes, 2007). In 
addition, the development of valid criteria for decision-making requires an ethical 
debate among all the disciplines involved in the multidisciplinary care of patients 
with spina bifida and the parents. Although further prognostic studies might identify 
predictors of the long-term outcome, decisions about treatment or actively ending 
the life of a newborn with spina bifida will still remain a highly individual decision 
taken by parents and medical specialists together.
Future research
As mentioned above, the specific contribution of the different neurological anomalies 
to the cognitive profile of individuals with spina bifida remains a matter of speculation 
and a challenge to disentangle due to their interrelatedness. Functional brain imaging 
and advanced techniques combined with experimental tasks might provide more 
insight into this topic. Unfortunately, the preliminary neuroimaging project we 
performed did not succeed because of technological and methodological 
shortcomings. It is possible that recent advances in brain imaging, such as voxel-based 
morphometry (Dennis et al., 2004), will make such studies possible.
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Few neuropsychological studies of spina bifida have used a theory-guided approach, 
such as that provided by Dennis (Dennis et al., 2006; Dennis & Barnes, 2010). 
Theory-guided/hypothesis-driven research is needed to identify specific factors that 
influence the neurobehavioural outcome of children with spina bifida. Much has yet 
to be learned about the SB phenotype itself and the source of variability in how it is 
expressed within the SBM population. Our studies, which combined neuropsycho­
logical profile analyses with experimental process analyses, form a step in that 
direction. Dennis' model is an example of a framework for ongoing empirical 
investigation leading to a better understanding of how to optimize assessment and 
intervention programmes in SBM.
The current studies were part of the NISB project, which is aimed at determining 
outcome criteria from the perspective of different disciplines, in order to gain insight 
into the relationship between severity of spina bifida measured at birth and different 
outcomes (medical, functional, psychological, social, and family adjustment). While 
the studies of this thesis focused on neurocognitive functioning in spina bifida, 
studies of family functioning and parenting outcomes have been described by 
Vermaes (Vermaes, 2007). Studies of neurological outcomes are in progress (N. 
Geerdink & I. Cuppen).
The next step is to integrate all outcome measures regarding the different aspects 
of functioning of both the child and its caregivers to gain more insight into the factors 
contributing to the variability in outcome in individuals with spina bifida. An integrative 
framework should be considered for prognostic counselling of parents.
6
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Abstract
Introduction: Ataxia-telangiectasia (A-T) is a hereditary neurodegenerative disorder 
with oculocutaneous telangiectasia and cancer predisposition. Patients suffer from 
deterioration of motor function due to progressive cerebellar ataxia, extrapyramidal 
movement disorders, oculomotor apraxia, and peripheral neuropathy. Only limited 
attention has been paid to the cognitive functioning of A-T patients.
Aims & methods: We evaluated eight individuals with A-T (6 boys, 2 girls) between 3 
and 15 years of age (Mean=11;2, SD=4;5) to study cognitive functioning, taking into 
account the confounding effects of motor functioning on test performance. Moreover, 
language, speech, and oral- motor functioning were examined.
Results: All patients, except the youngest one, suffered from mild to moderate/severe 
intellectual impairment. Compared to developmental age, patients showed specific 
cognitive deficits in attention, (non)verbal memory, and verbal fluency. Language was 
one of the patients' assets. In all children, dysarthria and weak oral-motor performance 
was found.
Interpretation: In contrast to the severe deterioration of motor functioning in A-T, 
cognitive and language functioning appeared affected in a non-progressive manner 
with a typical profile of neuropsychological strengths and weaknesses. Based on our 
experiences with A-T, suggestions are made to determine a valid assessment of the 
cognitive and speech-language manifestations.
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Ataxia-Telangiectasia (A-T) is a rare autosomal recessive multisystem disorder, 
belonging to the family of DNA repair disorders. This disease is characterized by 
progressive neurodegeneration, oculocutaneous telangiectasia, predisposition for 
malignancies, variable immunodeficiency, and pulmonary abnormalities 1 The main 
neurological findings in these patients are progressive cerebellar ataxia with onset in 
early childhood, extrapyramidal symptoms (i.e. chorea, dystonia, and myoclonus), 
oculomotor apraxia, and a progressive axonal sensorimotor polyneuropathy with 
onset around the age of 8 12. During their life, A-T patients become progressively 
disabled due to their neurological problems. Classically, patients become wheelchair- 
bound around the age of 10 years.
Surprisingly, there has only been limited attention for the cognitive functioning of 
A-T patients in the past decades. In the sixties and seventies, it has been described 
that approximately 30 to 50% of the A-T patients have a subnormal intelligence 3-5. In 
those years, IQs of many A-T patients have been mentioned in reports, with values 
varying between 37 to 115 346-16. Other researchers have found a tendency to 'level off' 
at a mental age around 10, which leads to an increasing disparity between chronologic 
age and mental age mainly on tests involving visual-motor co-ordination 1A6. 
Intellectual deterioration is only rarely reported 910. In addition to the reported 
generalized subnormal intelligence, a specific cognitive deficit in perceptual timing 
may be present in individuals with A-T 17.
Neurocognitive testing is complicated by the speech abnormalities, difficulties 
with motor coordination and timing, as well as striking oculomotor abnormalities. To 
our knowledge, there has been no investigation on the neuropsychological and 
speech-language profile in children with A-T taking into account their complex 
movement disorder and oculomotor impairments.
We sought to determine (1) whether A-T patients show global intellectual impairment,
(2) whether these patients show specific deficits and assets in cognitive and speech- 
language functioning, and (3) whether the deficits, if present, show a progressive 
course.
The current report presents our observations in 8 patients with A-T who were 
studied in order to address these questions. We performed neurocognitive and 
speech-language testing using a test battery with minimal fine motor and oculomotor 
demands, to gain better insight in the cognitive function of A-T patients.
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Method
Patients
Eight patients diagnosed with A-T (6 boys, 2 girls) who are currently known in our 
hospital were investigated. In all patients the diagnosis was confirmed genetically. At 
the time of assessment these children were between 3 and 15 years of age (Mean=11;2, 
SD=4;5), see Table 1. All patients lived in the Netherlands. One patient (patient 1) 
grows up in a bilingual environment. Patient 8 was too young to be assessed with the 
neuropsychological test battery, therefore only the general cognitive outcome was 
determined.
Table 1 Cli nical findings in eight A-T patients
P a t ie n t 1 2 3 4 5 6 7 8
Sex; a g e  (years) F; 15 M; 15 M; 14 M; 13 M; 11 M; 8 M; 6 F; 3
A g e  o f d iag n o sis  A -T (years) 9 7 12 2 7 5 3 0.5
N e u ro lo g ic a l f in d in g s
C e re b e lla r  a ta x ia  age  o f onset 
(years; m onths)
5;0 1;0 1;9 1;6 1;3 1;3 1;6 1;0
W h e e lc h a irb o u n d  at age  (years) 9 11 14 10 10
O c u la r  a p ra xia + + + + + + +  -
N y sta g m u s + +  -- + + + +  -
E x tra p y ra m id a l sf’gn s^ ^ ^ ^ ^ ^ ^ ^ B  +  +  ^ B  +  +  ^ B  +
P o ly n e u ro p a th y  +  +  +  +  +  - - +
Note.
M =m ale ; F=fem ale ; + / -= p re s e n t/ a b s e n t
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Procedure
All patients were tested by the same persons of our research group. Data were 
obtained by a paediatric neuro-psychologist (AV) and an experienced speech- 
language pathologist (MvG). Data collection took place at the Department of 
Paediatric Neurology of the Radboud University Nijmegen Medical Centre, The 
Netherlands. The individual neuropsychological assessment consisted for most 
children of one session with a total duration of 3.5 to 4 hours. After a break, the speech 
and language functioning of the children was tested.
The experimental procedure of this study was approved by the Committee on 
Research Involving Human Subjects (CMO Regio Arnhem -  Nijmegen) of the Radboud 
University Nijmegen Medical Centre.
Measurements
Intellectual outcome and neurocognitive functioning
For this patient group, the verbal intelligence scale of the Wechsler Intelligence Scale 
for Children-3rd version 18 was considered to be the most reliable estimation of the 
general cognitive functioning, since the subtests of this scale are not negatively affected 
by the fine motor and oculomotor impairments. Therefore, the verbal intelligence 
quotient (VIQ) was used to determine the developmental age of the patients.
The WISC-III was not age appropriate for the youngest patient. Instead, the SON-R 
2.5-7, a nonverbal intelligence test was chosen.
To gain more insight into the neurocognitive functioning of A-T patients, an 
assessment consisting of different subtests of four test batteries was administered 
(Wechsler-Intelligence Test, WISC-III; Kaufman-ABC, K-ABC; Revised Amsterdam 
Kinder Intelligence Test, RAKIT; Test of everyday attention for children, TEA-CH) 18-21. 
The assessment battery intended to examine the following neurocognitive functions: 
attention, perception, visuo-spatial skills, (non)verbal memory, working memory, 
and fluency.
Speech and oral-motor performance
The severity of dysarthria was scored using the 'Dysarthria Score' which is an English 
translation and adaptation of the nationally used Dutch 'Nijmegen Dysarthria Scale'. It 
evaluates the main physiological speech systems (respiration, phonation, resonance, 
prosody, articulation, and lips/ tongue/ jaw movements) and assesses the effectiveness 
of speech during communication in daily life. The NDS scoring system is a Dutch 
revision of Therapy Outcome Measure 22.
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The type of dysarthria was determined by clinical judgm ent of the aspects of 
speech as named before. Furthermore, oral-motor performance, feeding, and 
swallowing was clinically assessed.
Language
Receptive vocabulary: The Peabody Picture Vocabulary Test was used for the assessment 
of the receptive vocabulary 23.
Receptive language: One subtest of the validated Dutch language test for children 
('Taaltests voor Kinderen') was used for children above 7 years 24. To assess language 
comprehension in younger children, an adapted and standardized Dutch version of 
the Reynell Developmental Language Scales was used 25.
Expressive vocabulary: To test the word finding capacity, the Word Finding 
Vocabulary Test of the Renfrew Language Scales and the Word Developmental Test of 
the Schlichting Test for Language Production were used for younger children 26. The 
Boston Naming Task for Dutch Children was used for older Children.
Expressive language was assessed with the Sentence Development Test of the 
Schlichting Test for Language Production for the younger children 26; a subtest of the 
Dutch language test for children ('Taaltests voor Kinderen') measuring sentence 
construction was used for the older children 24
Data analysis
In order to examine the cognitive profile of the patients, first VIQ scores were converted 
to developmental ages. Then, this developmental age was used to determine the 
standardized norm score of all other cognitive and language subtests. An important 
advantage of this method is that all subtests measuring cognitive functions scored 
within +/- 2 SD from the tests' norm score at that particular age, which provides a 
valid assessment and better differentiation of the patients' neurocognitive profile.
One sample T-tests were performed to investigate whether the means of the 
neuropsychological subtests differ from the normal distribution. Data analyses were 
performed using SPSS version 16.0 and test results considered statistically significant 
at p<0.05. Statistical analyses were not feasible for the language tests because different 
tasks were used within one function domain according to the particular age of the 
patient.
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Results
Clinical and neurological features of the patients with A-T
Table 1 outlines the most relevant clinical features of the patients with A-T. All patients 
presented with an ataxic gait in early childhood. Progressive neurological features 
were observed in all. During the course of the disease the clinical picture was variably 
complicated by mild to severe oculomotor apraxia, chorea-athetose, dystonia, and 
peripheral neuropathy with onset in childhood. Four of five children were wheel-chair 
bound around the age of 10. The other patient (patient 3) was wheel-chair bound at 
age 15, one year after performing neurocognitive and speech-language testing. In all 
patients ocular telangiectasia, elevated AFP levels, and immunodeficiency were 
present since early childhood.
Intellectual functioning
Table 2 shows the data of intellectual outcome for our patient group. The youngest 
patient who was tested with a nonverbal intelligence test performed within the 
normal range (SON-IQ 111). For the other patients, VIQ values ranged from 57 to 83 
(mean=71.86, SD=10.6), 1 to 3 SD below the average test norm score of the particular 
chronological age and thus, varying from mild (3 of 8 patients) to moderate/severe 
impairment (4 of 8 patients). T-tests revealed a statistically significant deviation from 
the age appropriate mean (t(6) =-7.02, p<.001). The developmental ages are also 
presented in Table 2. Compared to chronological age (mean=11;08, range 6;9 —15;8 
years), the mean developmental age was much lower with a mean of about 8;4 years 
(range 6;0-10;11), corroborating the degree of mental retardation. There seems to be a 
tendency of the older children displaying lower verbal IQs.
Neuropsychological functioning
Summary data regarding the presence or absence of neuropsychological deficits are 
presented in Table 2. One should take into account that the developmental age was 
used to determine the standardized norm score of all other cognitive and language 
subtests.
Statistical analyses revealed significant impairments for the attention domain 
(t(6)=-4.11, p=.009), for one subtest of the verbal memory domain (t(6)=-3.97, p=.007), for 
nonverbal memory (for subtest Hand movements: t(6)=-2.65, p=.038; for subtest Spatial 
Memory: t(6)=-2.47, p=.049), and word fluency (t(6)=-4.13, p=.006). On the other cognitive 
functions (perception, visuo-spatial skills, and working memory), patients performed 
within the average of the (developmental) age appropriate norm of the test. An
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o  Table 2 Neuropsychological test results (note: all standardized scores of the subtests are in relation to developmental age)
Patient Age Sex VIQ Dev. Age 
(VIQ- 
estimated)
Attention
TM
Perception
GC
Visuo- 
spatial skills
TR
Verbal memory
WO DS
Nonverbal
memory
HM SM
Working
memory
AR
Fluency
WF
1 15:8 F 57 8;0-8;3 -1 +2 + 1 0 0 -1 0 0 0
2 15:6 M 62 9;0-9;3 -2 0 0 -1 0 0 -1 -1 0
3 14:6 M 70 10;0-10;3 0 0 0 -1 -1 0 0 0 -2
4 13:6 M 82 10;8-I0;ii -2 + 1 + 1 0 -2 0 0 -2 -1
5 11:6 M 82 9;4-9;7 -1 0 0 -1 0 0 0 -1 -2
6 8;3 M 83 6;8-6; 11 0 -1 0 0 -1 0 0 + 1 -2
7 6;9 M 67 6;0-6;3 nt 0 0 0 -1 -1 0 -1 -1
Mean 5.67 11.00 11.00 7.57 8.00 8.00 8.71 7.57 8.57*
SD 2.58 3.27 2.45 1.62 2.77 2.00 1.38 3.10 4.12
t -4.11 .81 1.08 -3.97 -1.91 -2.65 -2.47 -2.07 -4.13
P .009 .45 .322 .007 .105 .038 .049 .084 .006
0=average; -1/-2=respectively 1 or 2 SD below  average developm ental age norm; +1/+2=1 or 2 SD above average developm ental age norm; nt=not testable 
Subtests: TM="Tell mee!"; GC=Gestalt Closure; TR=Triangles; W O=W ord Order; D S=D ig it Span; HM =Hand Movements; SM =SpatiaI M em ory ; AR=Arlthm etjcs; 
W F=Word Fluency
*For this score the mean o f standardized score o fth e  test Is 15, SD=5; for all other tests mean=10, SD=3.
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investigation of the individual patients showed this profile of strengths and weaknesses, 
even in children with mild general cognitive impairment (patients 4, 5, and 6).
Speech, oral- motor performance, and swallowing
In all participants dysarthria was found (see table 3). The dysarthria was a mixture of 
the ataxic and the hyperkinetic type. In most patients, the speech was moderately to 
severely affected. In two participants the intelligibility was frequently a problem. 
None of the children used alternative forms of communication in daily life. According 
to the parents, in a period of 3-5 years the speech problems were aggravating and the 
environment of the child was complaining increasingly about the intelligibility.
In the oral phase it is evident that there are problems in strength, rate, and range 
of movements. Planning of the right movement with tongue and lip is intact. Four 
children were often choking on thin liquids and their drinks had to be thickened; 
chewing problems were found in four children. The implications for daily life were 
that soft solids had to be given and tough food had to be mashed or cut in very small 
pieces. Problems in chewing and swallowing seem to aggravate during the years. 
Severe drooling necessitating the use of napkinds was only found in one patient. It 
was evident that eating and drinking was additionally hampered by the complex 
movement disorder in these children (e.g. action myoclonus) resulting in poor body 
posture and hand function.
Language
For the language domain, again, the developmental age was used to determine the 
standardized norm score of all other tests and to compare language and cognitive 
functioning.
Results as presented in table 4 revealed that, related to developmental age, both 
receptive vocabulary and language are relatively well developed. On receptive 
vocabulary five of seven patients scored within the average, whereas one patient 
scored 1 SD above and two other patient scored 1 SD below the average of the 
participants. The receptive language score was within de moderate range, except for 
one child that was scoring lower. This child performed also below average on the 
receptive vocabulary test. Comparable results were found for expressive vocabulary. 
The assessment of the sentence production test was not possible due to tiredness of 
the children. However, an impression of expressive language functioning can be 
given based on the sentences produced during the first part of the test session and 
during a spontaneous situation. Most of the children produced accurate but rather 
short sentences. Only two children had difficulties in producing correct sentences.
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Table 3 Speech and oral-motor functioning
Patient Age Sex Speech Oral-motor
performance
Eating and 
drinking
Type of Dysarthria Severity
1 15;8 F A tax ic/H y p o k in e tic 2 2 2
2 15;6 M A tax ic/H y p o k in e tic 2 2 3
3 14;6 M M ore A taxic  than hyperk in etic 2/3 3 3
4 13;6 M A taxic 2 2 2
5 11;6 M H y p e rk in e tic -H y p o k in e tic 2 3 3
6 8;3 M A tax ic/H y p o k in e tic 2 2 2
7 6;9 M H yp o kin e tic 3 3 5
8 3;6 F A ta x ic/F o n o lo g y 2 3 4
Note.
0 = v e ry  severe; 1 =severe ; 2 = m o d era te /se ve re ; 3 = m o d e ra te ; 4 = m ild ; 5 = n o rm al
Based on two observations, we conclude that language does not seem to 
deteriorate during the years. First, no differences were found between the 
performances of older patients and younger children. Second, seven patients had 
been tested by the same speech-language pathologist previously during the past 
three years. Comparison of the results of the present study with previous test results 
showed slightly lower scores in two children, better scores in three, while in two 
children the results were the same across the two test moments.
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Table 4 Receptive and expressive language functions
Patient Age Sex Dev. Age 
(VIQ-estimated)
Receptive vocabulary Receptive language Expressive vocabulary Expressive language
1 15;8 F 8;0-8;3 0 + 1 1 03 nt
2 15;6 M 9;0-9;3 +1 0 ' 04 -2"
3 14;6 M 10;0-10;3 0 0 ' -1 4 0"
4 13;6 M 10;8-10;11 0 + 1 1 + 1 4 nt
5 11;6 M 9;4-9;7 0 0 ' o 4 0"
6 8;3 M 6;8-6;11 0 0' o 3 nt
7 6;9 M 6;0-6;3 -1 -12 -15 0 7
8 3;6 F nt -1 o 2 -15 0 7
0=average; -1/-2=respectively 1 or 2 SD below  average developm ental age norm; +1=1 SD above average developm ental age norm; nt=not testable 
1 Dutch Language Test (Taaltests voor kinderen- Test voor Verzw egen Betekenis);2 Reyn el Itest for Langu age Com prehension;3 Renfrew Word Finding Vocabulary 
Test;4Boston Nam ing Test;5 Schlichting Test for Language Production (Word D evelopm ent);6 Dutch LanguageTest(Taa ltestsvoor k inderen-Zlnsbouw  Productletest); 
7 Schlichting Test for Langu age Production (Sentence Developm ent); nt=not testable
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Discussion
The current paper describes the intellectual, neuropsychological, speech-language, 
and oral-motor functioning of children with A-T. To our knowledge, no recent 
descriptions of children with A-T are available. The current study adds to the existing 
knowledge a comprehensive investigation of the profile of strengths and weaknesses, 
taking into account the confounding effects of fine motor and oculomotor 
impairment.
With respect to global intellectual functioning we found that all patients, except 
the youngest one, showed an impairment varying from mild (3 of 8 patients) to 
moderate/severe (4 of 8 patients). Further analyses of the neuropsychological profile 
showed, in addition to the general cognitive impairment, specific and statistically 
significant deficits in attention, (non)verbal memory, and word fluency. On all other 
cognitive functions assessed in our project (perception, visuo-spatial skills, and 
working memory), patients performed within the average of the (developmental) age 
appropriate norm of the test.
In relation to developmental age and the cognitive profile, language functioning 
was one of the strengths of the patients, as also described previously in literature 36. 
Speech, oral-motor performance, and swallowing were affected in most patients and 
were aggravating with increasing age. In the recent period of 3-5 years, more 
adaptations had to be used to cope with eating and drinking problems. The motor 
problems in the oral en pharyngeal phase are influencing the swallowing process 
negatively. In the oral phase, the tongue movements to form a bolus and to transport 
the bolus to the oropharyngeal area are reduced. Choking on thin liquid is a signal of 
incoordination of the pharyngeal and airway closure. Also the poor body posture 
aggravates these problems.
In conclusion, in contrast to the severe deterioration of motor functioning 
associated with A-T, cognitive and language deficits appear non-progressive during 
the course of the disease. On the basis of comparison of the results of the current 
study with available earlier neuropsychological assessment of some of the patients 
(data not shown), their life-long school performances, as well as our clinical experiences 
with other A-T patients during the past decades, an impression of the course of 
functioning can be given. For cognitive functioning there seems to be a so-called 
'growing into deficit', which means that children suffer from some developmental 
delay from their early years, which becomes more visible during their development 
because of the growing demands of the (school) environment. Overall, we found, in 
line with the literature, no arguments for cognitive deterioration in A-T. We therefore
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feel that it is justified to reassure patients and their parents that, although A-T is a 
severe neurodegenerative disorder, acquired intellectual and language skills are 
relatively preserved.
Another important finding concerning the neuropsychological assessment is that 
motor and oculomotor problems alone cannot explain the specific cognitive profile. 
Taking into account the global intellectual impairment, attention and memory 
problems as well as weak verbal fluency are most prominently affected. The question 
remains whether these findings can be explained by cerebellar involvement, which is 
of course evident in A-T, since the cerebellum is increasingly recognized as cerebral 
structure with an important role in higher cognitive functions.
Clinical implications
A valid assessment of neuropsychological and language functioning of A-T patients 
should carefully take into account their complex movement disorder and oculomotor 
impairments.
More insight into cognitive outcome and the profile of neuropsychological and 
speech-language functioning is a prerequisite for providing appropriate support 
concerning school environment. From a developmental psychological perspective, 
this is of particular importance with respect to the increased risk of the development 
of social-emotional and adaptational problems and adequate treatment focusing on 
the specific needs of these patients.
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What this paper adds:
1. In contrast to the severe deterioration of motor functioning, cognitive and language 
deficits appear non-progressive in A-T.
2. Patients show subnormal intelligence, with attention and memory problems as well 
as verbal fluency being most prominently affected.
3. Assessment of neuropsychological and language functioning should carefully take 
into account the complex movement disorders and oculomotor impairments.
4. Patients and their parents might be reassured that, although A-T is a severe neuro­
degenerative disorder, acquired intellectual and language skills won't be lost.
145
S u p p l e m e n t
References
1. S e d g w ic k  RP, B o der E. (1991) A taxia te la n g ie ctas ia . In: V in ken  PJ, Bruyn SW, Jo n g  dJM BV, eds. H ereditary  
neuropathies a n d  sp inocerebellar atrophies. N ew  York: E lsevier Sc ie n ce , pp. 347-393.
2. V e rh ag en  MM, Alfen  vN , Pillen S, W eem aes C, Yn tem a JL , Hiel JA , Ter Laak H, D euren  vM , Broeks A, 
W illem sen  MA. (2007) N e u ro m u scu lar ab n o rm alitie s  in ataxia te la n g ie ctas ia : A  c lin ica l, e le ctro p h ys io - 
lo g ica l an d  m u sc le  u ltraso u n d  study. N europediatrics  38: 117-121.
3. Korein J, Ste in m an  PA, S e n z EH. (1961) A ta x ia -te la n g ie cta s ia . R eport o f  a case  and review  o f  the literature. 
Arch Neurol 4: 272-280.
4. Solitare  GB. (1968) Lo u is-Bar's syn d ro m e  (a ta x ia -te lan g ie ctasia ) an ato m ic  c o n s id e ra tio n s  w ith  em phasis 
on n e u ro p a th o lo g ic  o b se rvatio n s. N euro log y  18: 1180-1186.
5. M cFarlin DE, S tro b er W, W ald m an n  TA. (1972) A ta x ia -te la n g ie cta s ia . M edicine (Baltim ore) 51: 281-314.
6. B o der E, S e d g w ic k  RP. (1958) A tax ia -te la n g ie cta s ia ; a fam ilia l syn d ro m e  o f  p ro gre ssive  ce re b e lla r ataxia, 
o c u lo c u ta n e o u s  te la n g ie cta s ia  an d freq u en t p u lm o n ary  in fe ctio n . Pediatrics 21: 526-554.
7. G u tm an n  L, Lem i L. (1963) A ta x ia -te la n g ie cta s ia  asso ciated  w ith  h y p o g a m m a g lo b u lin e m ia . Arch  Neurol 
8: 318-327.
8. B o w den DH, D anis PG, So m m e rs SC. (1963) A ta x ia -te la n g ie cta s ia . A case  w ith  lesio n s o f  o varie s an c  
ad e n o h y p o p h y s is . JN e u ro p a th o l Exp Neurol 22: 549-555.
9. Z e llw e g e r  H, Khalifeh RR. (1963) A tax ia -Te lan g ie ctasia . R eport o f  tw o  cases. H elv Paediatr A cta  1963: 
267-279.
10. D u n n  HG, M eu w issen  H, L iv in g sto n e  CS, Pu m p  KK. (1964) A tax ia -Te lan g ie ctasia . Can M ed A ssoc J  91: 
1106-1118.
11. Yo u n g  RR, A u sten  KF, M oser HW. (1964) A b n o rm a litie s  o f  serum  ga m m a 1a g lo b u lin  an d  ataxia 
te la n g ie ctas ia . M edicine (Baltim ore) 43: 422-433.
12. Utian HL, Plit M. (1964) A ta x ia -te la n g ie cta s ia . J  N eurol N eurosurg Psych iatry  27: 38-40.
13. Karpati G, Eisen AH , A n d e rm an n  F, Bacal HL, R o b b  P. (1965) A ta x ia -te la n g ie cta s ia . Further o b se rvatio n s 
an d  report o f  e ig h t cases. Am  J  Dis C h ild  110: 51-63.
14. C e n te rw a ll SA, C e n te rw a ll WR. (1966) A tax ia -te la n g ie cta s ia : A  fam ilia l d e g e n e ra tiv e  d isease  le a d in g  to 
m ental retardation -  a case  report. Am  J  M ent D efic  71: 185-190.
15. Itatsu Y, U no Y. (1969) An au to p sy  case o f  A ta x ia -te la n g ie cta s ia . A cta  Path Ja p  19: 229-239.
16. H ard ley RD, Baird HW, C raw e n  EM. (1967) A ta x ia -te la n g ie cta s ia  report o f  seven cases. A rch  o p h th a l 77: 
582-592.
17. M o sto fsky SH, Kunze JC , C u tt in g  LE, Le d e rm an  HM, D e n ck la  MB. (2000) Ju d g m e n t  o f  d u ratio n  ir  
in d iv id u a ls  w ith  a tax ia -te la n g ie ctas ia . D e v  N europsychol 17: 63-74.
18. W ech sler D. (2002) W echsler intelligence scale for ch ildren  (NL). Lo n d o n : Th e  P sy c h o lo g ic a l C o rp o ratio n .
19. K aufm an AS, Kaufm an NL. (1983) Kaufm an assessm ent battery for children: interpretive M anual. Circle 
Pines, MN: A m e rica n  G u id a n ce  Service, Inc.
20. B le ich ro d t N, D renth PJD, Z aa l JN , Resing W CM. (1987) R evisieAm sterdam  Kin de rin te llig en tie  Test (RAKiT)- 
H an d le id in g  (Revised Am sterdam  intelligence Test for Children-M anual). Lisse, Th e  N eth erlan d s: Sw ets & 
Ze it lin ge r.
21. M anly T, R o b e rtso n  IH, A n d e rso n  V, N im m o -S m ith  I. (1999) TEA-Ch: The Test o f  Everyday A ttention  for 
Children M anual. B ury St. Ed m u n d s, UK: T h a m e s V a lley Test C o m p a n y  Lim ited.
22. E n d erb y  P, Jo h n  A. (1997) Therapy outcom e m easure (TOM). Speech  lan g ua g e p a th o lo g y  San D ie g o / 
Lo n d o n : S in g u la r  P u b lish in g  G roup.
23. D u n n  LH, D u n n  LM. (2005) Pea b od y Picture V ocabu lary  Test-iii-NL. A m sterd am : H arcourt Test Publisher.
24. van  Bon W H. (1982) Taaltests Voor Kinderen. Test m anual. Lisse: Sw ets & Z e it lin g e r  Inc.
25. van  Eldik MC, S c h lic h tin g  JE, Lutje Sp e lb e rg  HC, van  d er M eulen BF, van  d er M eulen SJ. (1997) Reynelltest 
voor Taalbegrip. Test m anual. N ijm egen : Berkh o u t Inc.
26. S c h lic h tin g  JE, va n  E ld ik  MC, Lutje Sp e lb e rg  HC, van  d e r M eulen  BF, van  d er M eulen SJ. (1995) Sch lich tin g  
Test voor Taalproduktie. Test m anual. N ijm egen : B erkho ut Inc.
146
C o g n i t i v e  and  s p e e c h - la n g u a g e  p e r fo r m a n c e  in c h i ld ren  w i t h  ataxia te lang iec ta s ia
147


A p p e n d ix
ACM Arnold-Chiari II malformation
ACM- Patients without Arnold-Chiari II malformation
ACM+ Patients with Arnold-Chiari II malformation
ANT Amsterdam Neuropsychological Tasks
AR Arithmetic (subtest of the WISC-III)
A-T Ataxia-telangiectasia
CCD Corpus callosum dysgenesis
CMO Committee on Research Involving Human Subjects
DS Digit Span (subtest of the WISC-III)
GC Gestalt Closure (subtest of K-ABC)
HC Hydrocephalus
HM Hand Movement (subtest of K-ABC)
ICD-10 International Classification of Diseases, 10th version
K-ABC Kaufman-Assessment Battery for Children
LMS Lipomyeloschisis
MABC Movement-Assessment Battery for Children
MD Manual Dexterity
MMC Myelomeningocele
MT Movement time
NDS Nijmegen Dysarthria Scale
NISB Nijmegen Interdisciplinary Research Program
RAKIT Revised Amsterdam Intelligence Test for Children (Dutch)
RT Reaction time
SB (only) Spina bifida (only)
SBH Spina bifida and hydrocephalus
SBM Spina bifida with myelomeningocele with accompanying hydrocephalus
SM Spatial Memory (subtest of K-ABC)
SMSLT Spatial motor sequence learning task
SON-R 2.5-7 Snijder-Oomen Intelligencetest-revised 2.5-7 years
SRTT Serial reaction time task
TEA-CH Test of Everyday Attention for Children
TM Tel Mee!
TR Triangles (subtest of K-ABC)
VMI Beery-Buktenica Developmental Test of Visual-Motor Integration
WF Word Fluency
WISC-III Wechsler Intelligence Test for Children-Third edition
WO Word Order (subtest of K-ABC)
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Note.
The terminology used to define or refer to spina bifida in the literature is not consistent. 
Thus the terms SBH, MMC, ACM+ and SBM are used interchangeably. They all refer to 
the most severe form of spina bifida characterized by open spinal dysraphism and 
cerebral malformations. Milder forms of spina bifida are referred to as closed spinal 
dysraphism (CSD), or spina bifida occulta. We have tried to standardize the terminology 
used. Thus in chapters 3, 4, and 5, the term "spina bifida" (SB or SB-only) is used to refer 
to a milder form of spina bifida without cerebral abnormalities, and spina bifida with 
myelomeningocele (SBM) is used to refer to the severe form of spina bifida 
accompanied by cerebral abnormalities. In chapter 2, the terms ACM+ and ACM- are 
used because of the focus on the particular cerebellar malformation described in the 
chapter.
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S a m e n v a t t i n g
Spina bifida ("open rug") is een aangeboren en complexe afwijking van het centrale 
zenuwstelsel. Er is sprake van een incomplete sluiting van de neurale buis, waardoor 
-afhankelijk van de hoogte en de uitgebreidheid van het defect- neurologische 
uitvalsverschijnselen ontstaan. De symptomatologie van spina bifida kan erg variëren, 
en kan bestaan uit een grote variëteit aan lichamelijke beperkingen, waaronder 
rolstoelafhankelijkheid en incontinentie. Bij de meest ernstige vorm is er tevens sprake 
van afwijkingen op hersenniveau, wat bij veel kinderen beperkingen in het cognitief 
functioneren tot gevolg heeft.
Dankzij verbeterde diagnostiek en medische behandeling is de levensverwachting 
van kinderen met spina bifida sinds de zestiger jaren van de vorige eeuw duidelijk 
verbeterd en bereikt het merendeel van deze kinderen de volwassen leeftijd. Echter, 
bij spina bifida zijn levenslang stoornissen te verwachten van belangrijke functies 
zoals lopen, gevoel, continentie voor urine en ontlasting, en sexuele functies. Vanwege 
de grote variabiliteit is het zeer lastig om bij kinderen met een open rug in de eerste 
levensdagen de toekomstverwachting of de prognose voor wat betreft de gerelateerde 
functiestoornissen met zekerheid te bepalen. Gezien de snelle ontwikkelingen in 
diagnostische en therapeutische mogelijkheden is een actualisering en herformulering 
van prognostische criteria zeer wenselijk. Deze behoefte is een van de aanleidingen 
geweest voor het starten van een interfacultaire studie in het Universitair Medisch 
Centrum St Radboud te Nijmegen.
Bij het Nijmeegs Interdisciplinair Spina Bifida (NISB) Programma zijn vier disciplines 
betrokken, te weten kinderneurologie en kinderneuropsychologie, die beide op het 
kind gericht zijn, en gezinspedagogiek en theologie, die zich op de ouders richten. In 
het kader van dit programma zijn twee typen studies verricht: een retrospectieve 
studie waarin kinderen en hun ouders onderzocht werden die al sinds vele jaren 
onder controle zijn in het UMC St Radboud, en een prospectieve studie gericht op de 
kinderen met SB die tussen 2002 tot 2007 in het UMC St Radboud geboren werden. 
Het onderzoek naar het gezinsfunctioneren en de psychische gezondheid van 
ouders verricht bij de afdeling gezinspedagogiek, Faculteit Sociale Wetenschappen, 
staat beschreven in het proefschrift van orthopedagoog Ignace Vermaes dat in 2007 
verschenen is \
Dit proefschrift is gebaseerd op de resultaten van de retrospectieve studie en had 
tot doel om meer inzicht te krijgen in het cognitief functioneren van kinderen met 
spina bifida.
1 Vermaes, I. (2007). Parents' p sy ch o so cia l a d ju stm en t in  fam ilies o f  ch ildren  with spina b ifida  (Dissertation). 
Radboud University Nijmegen.
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Ter inleiding wordt in hoofdstuk 1 achtergrondinformatie gegeven over de 
medische aspecten van spina bifida, de prevalentie en incidentie, de complexe 
symptomatologie, en mogelijke behandelvormen. Tevens worden de neurocognitieve 
en psychologische gevolgen toegelicht die het hebben van een dergelijke aandoening 
met zich mee kan brengen. Verschillende vormen van spina bifida worden in hoofdstuk 
1 besproken. Fundamenteel wordt een onderscheid gemaakt tussen een open en 
een gesloten spina bifida. De meest voorkomende en meest ernstige vorm is 
myelomeningocele. Hierbij gaat het om een open vorm van spina bifida die in de 
meeste gevallen gepaard gaat met geassocieerde cerebrale malformaties (Chiari II 
malformatie, een anatomische afwijking van het cerebellum en de hersenstam; 
hydrocefalus; afwijkingen van het corpus callosum; en andere, microscopische hersen­
afwijkingen). De symptomatologie van spina bifida is zeer uiteenlopend. Het klinische 
beeld van spina bifida wordt in eerste instantie bepaald door de aard en ernst van het 
rugdefect, en wordt mede beïnvloed door cerebrale afwijkingen. Uit de literatuur is 
bekend dat de complexe medische afwijkingen bij spina bifida van invloed zijn op 
zowel de cognitieve als de motorische ontwikkeling van het kind.
Veel kinderen met spina bifida, en in het bijzonder kinderen met myelomeningocele, 
vertonen een duidelijk profiel van sterke en zwakke cognitieve kanten. Opvallend is 
dat er vaak een groot verschil is tussen een hoge verbale (talige) intelligentie en een 
relatief lage performale (handelend bezig zijn) intelligentie. Verder blijkt uit onderzoek 
dat veel kinderen met spina bifida moeite hebben met (fijn)motorische taken, 
problemen hebben met aandacht en concentratie en het (talige) geheugen, en 
moeite hebben met het plannen, structureren en evalueren van taken. Voor sommige 
kinderen heeft dit gevolgen voor de schoolvaardigheden zoals rekenen, schrijven en 
lezen. De belangrijkste conclusie van hoofdstuk 1 is dat spina bifida een zeer complexe 
aangeboren afwijking is, die geassocieerd is met een opmerkelijke heterogeniteit wat 
betreft zowel het neurologische als ook het neurocognitieve functioneren. Juist 
vanwege deze klinische heterogeniteit is het moeilijk om het niveau van functioneren 
op latere leeftijd te voorspellen en om valide behandelingsrichtlijnen te formuleren.
De meeste onderzoeken tot nu toe zijn klinisch-neuropsychologisch van aard en 
richten zich op het cognitief functioneren (cognitief niveau en cognitief profiel) van 
deze kinderen. In de laatste decennia richt onderzoek zich steeds vaker op het vinden 
van een verklaring voor de grote heterogeniteit en variabiliteit in het functioneren 
van kinderen met spina bifida. Dit heeft ertoe geleid dat een aantal onderzoekers 
meer experimenteel-psychologische studies heeft uitgevoerd bij deze patiënten.
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Beide benaderingen, de klinische en de experimentele benadering, hebben in 
methodologisch opzicht zowel sterke als zwakke punten. De meeste klinische studies 
maken gebruik van traditionele neuropsychologische testen, waarbij de uitvoering 
van de taak een integratie van verschillende cognitieve functies vereist. Een dergelijke 
testmethode richt zich op het eindresultaat, maar geeft geen inzicht in de verschillende 
processen die ten grondslag kunnen liggen aan de prestatie. De meer experimentele 
benadering daarentegen is specifiek gericht op één bepaalde cognitieve functie en 
de hiermee samenhangende cognitieve processen (bijvoorbeeld visuele aandacht). 
Bevindingen van experimentele studies zijn in het algemeen moeilijk te generaliseren 
naar de dagelijkse praktijk en de individuele patiënt, en geven slechts zeer beperkt 
informatie over de onderlinge relatie van de cognitieve domeinen.
De studies beschreven in het kader van dit proefschrift hebben tot doel om meer 
inzicht te verkrijgen in de grote variabiliteit wat betreft het cognitieve functioneren 
van kinderen met spina bifida. Rekening houdend met bovenstaande methodologische 
overw egingen is ervoor gekozen om de algem een klinisch-neuropsychologische 
benadering te combineren met een meer experimentele benadering. Het unieke van 
het huidige onderzoek is dat beide benaderingen binnen dezelfde patiëntengroep 
toegepast worden.
De studie was gericht op het beantwoorden van de volgende onderzoeksvragen:
1) Hoe presteren kinderen met spina bifida op cognitieve taken en wat zijn de sterke 
en zwakke kanten in hun cognitief profiel?
2) Welke onderliggende cognitieve processen beïnvloeden de heterogeniteit in het 
cognitieve profiel dat gepaard gaat met spina bifida, met name in relatie tot de 
geassocieerde hersenafwijkingen? Stelt deze heterogeniteit specifieke eisen aan 
het neuropsychologisch onderzoek?
Ter beantwoording van deze onderzoeksvragen hebben kinderen in de retro­
spectieve studie een uitgebreid neuropsychologisch onderzoek ondergaan. De 
patiëntengroep was heterogeen wat betreft medische kenmerken en de ernst van de 
aandoening (open versus gesloten vormen van spina bifida). Over het algemeen zijn 
in de studies beschreven in dit proefschrift twee groepen met elkaar vergeleken: een 
groep patiënten met een open vorm van spina bifida, te weten myelomeningocele 
met geassocieerde cerebrale afwijkingen (SBM), en een groep van patiënten met een 
mildere vorm van spina bifida, waarbij er geen sprake is van afwijkingen op hersen­
niveau (afgekort als SB). In dit proefschrift zijn verschillende methodes toegepast om 
onderliggende cognitieve processen in het cognitieve profiel te ontrafelen, en om 
meer inzicht te krijgen in de invloed van specifieke hersenafwijkingen op het cognitief 
functioneren.
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H oofdstuk2 beschrijft de uitkomsten van de studie naar het algemeen cognitieve 
niveau en het cognitieve profiel bij kinderen met spina bifida. In deze studie is de 
klinisch-neuropsychologische benadering toegepast op een groep van 46 kinderen 
met spina bifida. De deelnemers van de studie waren kinderen in de leeftijd van 6 tot 
15 jaar. De gebruikte neuropsychologische testbatterij bestreek de belangrijkste 
domeinen van het cognitief functioneren: intelligentie, visuele analyse en synthese, 
visuomotorisch functioneren, verbaal geheugen en verbale vloeiendheid. Om meer 
inzicht te krijgen in de invloed van de cerebrale afwijkingen op het cognitief 
functioneren werden de kinderen in twee groepen verdeeld, te weten kinderen met 
en kinderen zonder Chiari II malformatie.
Uit de resultaten bleek dat de door ons onderzochte kinderen met spina bifida op 
een beneden- tot laaggemiddeld cognitief niveau functioneren vergeleken met 
gezonde leeftijdgenoten. Een discrepantie tussen verbale en performale intelligentie 
werd gevonden voor de kinderen met spina bifida en geassocieerde cerebrale 
malformatie (SBM), zelfs voor de kinderen met een gemiddelde intelligentie. De 
verbale intelligentie was bij deze patiënten relatief sterker ontwikkeld dan de 
performale intelligentie. Voor de kinderen met SB zonder aantoonbare cerebrale 
afwijkingen werd een dergelijke discrepantie niet gevonden. Kinderen met SBM 
presteerden slechter dan kinderen met SB op taken die een beroep doen op visuele 
vaardigheden (bijvoorbeeld het waarnemen van details, puzzelen), op het verbale 
geheugen en op verbale vloeiendheid (bijvoorbeeld zoveel mogelijk woorden 
noemen die binnen een bepaalde categorie passen, zoals fruit). Er werden geen 
verschillen gevonden tussen de twee patiëntengroepen wat betreft non-verbaal 
geheugen, snelheid van informatieverwerking en verbale vaardigheden. Op basis van 
een vergelijking met de literatuur kon geconcludeerd worden dat beperkingen van 
het verbale geheugen en verbale vloeiendheid waarschijnlijk moeten worden 
toegeschreven aan de Chiari II malformatie, terwijl beperkingen in visuele vaardigheden 
eerder gerelateerd kunnen worden aan zowel hydrocefalus als de Chiari II malformatie.
In hoofdstuk 3 wordt een studie beschreven die tot doel had om meer inzicht te 
krijgen in aandachtsfuncties bij kinderen met spina bifida. Aandacht en concentratie 
zijn basale neuropsychologische functies die ten grondslag liggen aan alle intellectuele 
prestaties. Eerder klinisch neuropsychologisch onderzoek suggereert dat kinderen 
met spina bifida, en in het bijzonder patiënten met cerebrale malformaties, problemen 
zouden hebben wat betreft aandacht en concentratie: deze kinderen zijn bijvoorbeeld 
gemakkelijk af te leiden, kunnen niet of met moeite taakgericht bezig zijn, en kunnen 
niet twee dingen tegelijkertijd doen. Veel testen die afgenomen zijn om aandacht te 
meten zijn echter zogenaamde papier-en-potlood taken en vereisen motorische
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reacties. Het zou kunnen zijn dat de slechtere scores op deze aandachtstaken werden 
veroorzaakt door de fijnmotorische beperkingen die gepaard gaan met spina bifida, 
en dat deze scores niet gerelateerd zijn aan een stoornis in de aandachtsfunctie zelf.
De methode die in dit hoofdstuk is toegepast bestaat uit een combinatie van de 
klinisch- neuropsychologische benadering en de meer experimentele benadering. 
Verschillende aandachtsfuncties werden onderzocht, te weten gerichte aandacht, 
volgehouden aandacht, encoderen van informatie, en afleidbaarheid/impulsiviteit. 
Deze aandachtsfuncties werden onderzocht met zowel traditionele papier-en-pot- 
loodtaken, die complexe cognitieve en (visuo)motorische vaardigheden vereisen, als 
met computertaken van de testbatterij Amsterdamse Neuropsychologische Taken 
(ANT) waarbij kinderen geen complexe motorische handeling hoeven uit te voeren, 
maar als reactie slechts op een knop hoeven te drukken. Uit de resultaten bleek dat 
kinderen met SBM lagere scores behaalden op de traditionele aandachtstaken dan 
kinderen met SB (zonder cerebrale afwijkingen). Echter, op de computertaken 
vertoonden de kinderen met SBM en SB geen verschil. Op basis hiervan kon 
geconcludeerd worden dat resultaten van de papier-en-potloodtaken mogelijk een 
vertekend beeld geven, en niet aandachtstekorten reflecteren maar het gevolg zijn 
van de motorische vereisten van de taken. Deze redenering volgend is er bij kinderen 
met SBM geen sprake van specifieke aandachtsproblemen.
Concluderend kan gesteld worden dat een combinatie van zowel de klinische als 
de meer experimentele benadering geschikt is om aandachtsfuncties bij een complex 
neurologische patiëntengroep op een valide manier in kaart te brengen.
Uit eerdere studies bleek dat beperkingen in het fijnmotorische functioneren van 
invloed zijn op alledaagse bezigheden, maar zeker ook op de prestaties van de 
neuropsychologische testen. Evenals in het onderzoek naar aandachtsfuncties wordt 
ook in hoofdstuk 4 een combinatie van de klinische en meer experimentele benadering 
toegepast. Doel van dit onderzoek was in de eerste plaats te bepalen in welke mate 
de motorische uitvoering en kwaliteit van de fijne motoriek van kinderen met spina 
bifida gerelateerd is aan het algemeen cognitief en visuomotorisch functioneren. In 
de tweede plaats werd de rol van de cerebrale malformaties onderzocht.
Eenenveertig kinderen met spina bifida, van wie 19 zonder (SB) en 22 met cerebrale 
malformaties (SBM), werden neuropsychologisch en motorisch onderzocht op de 
volgende gebieden: algemene intelligentie, visuomotorische integratie (Beery's Test 
voor Visuomotore Integratie, VMI), fijnmotorisch functioneren (Handvaardigheid van 
de Movement Assessment Battery), de kwaliteit van de fijne motoriek (beoordeeld als 
de aan- of afwezigheid van een kinetische tremor en/of dysmetrie), en de snelheid 
van simpele motorische taken (gemeten met behulp van computertaken).
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De resultaten wezen erop dat de incidentie van beperkingen in zowel de hand­
vaardigheid als de kwaliteit van het fijnmotorisch functioneren bij de groep kinderen 
met spina bifida hoger was dan in een populatie van gezonde kinderen. Deze 
bevinding gold zelfs voor de patiënten zonder mentale beperking (IQ>70). In het hele 
cohort van de onderzochte kinderen bleken cognitieve en motorische prestaties sterk 
aan elkaar gerelateerd. Indien echter de kinderen met een zeer ernstige aandoening 
uitgesloten werden, bleek geen samenhang te bestaan tussen het fijnmotorisch 
functioneren enerzijds en de verbale en performale intelligentie anderzijds; ook bleek 
geen samenhang met visuomotore integratie. Vergeleken met kinderen met SB 
presteerden kinderen met SBM zwakker op de performale intelligentie, visuomotori- 
sche functies, en de kwaliteit van de handmotoriek. Geen verschillen werden 
gevonden wat betreft de handvaardigheid en snelheid waarmee simpele motorische 
taken werden uitgevoerd.
Onze bevindingen ondersteunen de hypotheses over een negatieve invloed van 
de cerebrale malformaties op het neuropsychologisch en fijnmotorisch functioneren. 
Op basis van deze resultaten werden enkele aanbevelingen geformuleerd gericht op 
de diagnostiek en behandeling van kinderen met spina bifida.
Bovenstaande resultaten hebben tot nieuwe (onderzoeks)vragen geleid, met 
name rondom de fijne motoriek en de schrijfvaardigheid. Aangezien spina bifida 
gepaard gaat met een complexiteit aan cognitieve en (fijn)motorische beperkingen 
(in de uitvoering) kwam de vraag op hoe het is gesteld met het aanleren van nieuwe 
motorische vaardigheden. Daartoe werd een studie opgezet om een onderliggende 
factor die een essentiële rol speelt bij het verwerven van motorische vaardigheden te 
onderzoeken. Het verwerven van een motorische vaardigheid, zoals schrijven, komt 
voor een belangrijk deel tot stand door veel herhaling van de vaardigheid, in een fase 
van het leerproces waarin expliciete instructie een ondergeschikte rol speelt. Tijdens 
deze leerfase vindt onbewust, impliciet leren plaats. Voor de klinische praktijk kan 
gebruik maken van impliciete leerprocessen van belang zijn, omdat deze leerprocessen 
slechts een gering beroep doen op expliciete instructie zodat de negatieve gevolgen 
van eventuele cognitieve beperkingen minimaal kunnen worden gehouden.
In de studie beschreven in hoofdstuk 5 werd een selectie van de eerder beschreven 
onderzoeksgroep benaderd: alle patiënten met een IQ groter of gelijk aan 70. 
Daarnaast hebben gezonde leeftijdgenoten deelgenomen aan dit onderzoek. Er werd 
een testbatterij samengesteld bestaande uit enkele neuropsychologische taken en 
een cruciale impliciete leertaak, te weten een motorische sequentieleertaak. Hierbij 
gaat het om een taak, waarbij het kind stippen op de laptopscherm te zien krijgt, en 
middels een niet-schrijvende pen en een schrijftablet zo snel mogelijk naar een
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oplichtende stip moet gaan. Na een aantal blokken waarin een vaste sequentie 
herhaaldelijk werd aangeboden, volgde een random blok, waarin de oplichtende 
stippen in een willekeurige volgorde gepresenteerd werden. Het typische leereffect 
wordt bij deze taak bepaald door enerzijds een afname van reactie- en bewegingstij- 
den naarmate de taak vordert (leercurves), en anderzijds door een verhoogde 
reactietijd in de random blokken. Tevens werd de kwaliteit van de fijne motoriek in 
deze studie bepaald door middel van een simpele tekentaak (Fitts' taak), waarbij de 
nadruk lag op de motorische uitvoering van eenvoudige bewegingen. Voor zowel de 
Fitts' taak als voor de impliciete sequentieleertaak werd gebruik gemaakt van een 
elektronisch schrijftablet en een elektronische pen waarmee penbewegingen en 
pendruk worden geregistreerd tijdens uitvoering van de taak. Dit maakt het mogelijk 
een procesanalyse van de vaardigheid te maken op basis van kinematische variabelen: 
reactietijden, bewegingstijden, en vloeiendheid van bewegen.
Onze resultaten lieten zien dat kinderen met spina bifida (zowel SB als SBM), 
ondanks een beperkte motorische uitvoering, in staat waren om een motorische 
sequentie impliciet te leren. Dat wil zeggen, vergeleken met de groep kinderen zonder 
spina bifida lieten beide patiëntengroepen langere reactie- en bewegingstijden zien, 
en was er sprake van een beperkte vloeiendheid van bewegen, en een hogere 
pendruk. De groep kinderen met SBM presteerde slechter op deze aspecten dan de 
groep kinderen met SB. Toch vertoonden de kinderen met SB en SBM niet alleen 
vergelijkbare leercurves, maar ook verschillen in reactietijden tussen de sequentie- en 
random blokken die vergelijkbaar waren met die van de controlekinderen. Deze 
aspecten konden worden geïnterpreteerd als blijk van het leren van de sequenties. 
We concludeerden dat kinderen met spina bifida, ondanks hun beperkingen in de 
uitvoering van de fijnmotorische vaardigheid, goed in staat zijn om nieuwe motorische 
vaardigheden op een impliciete manier aan te leren. Hierbij gaat het om een 
onbewuste vorm van leren, waarbij leren plaatsvindt door middel van herhaling. Op 
basis hiervan kunnen aanbevelingen gedaan worden gericht op het verbeteren van 
de handmotoriek bij patiënten met spina bifida, wat op zijn beurt een gunstig effect 
kan hebben op hoe kinderen op school presteren.
De methodologische problemen die in het voorafgaande beschreven zijn voor 
spina bifida zijn niet alleen inherent aan spina bifida, wat mag blijken uit een recent 
uitgevoerd onderzoek gericht op het neurocognitieve functioneren van kinderen 
met een andere complexe neurologische aandoening, te weten ataxia telangiectasia 
(A-T, zie Supplement). A-T is een erfelijke neurodegeneratieve aandoening, waarbij 
het motorisch functioneren van de patiënt in de loop der tijd verslechtert vanwege 
verschillende progressieve neurologische kenmerken, zoals cerebellaire ataxie en
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extrapyramidale bewegingsstoornissen, oculomotore apraxie, en perifere neuropathie. 
Aangezien A-T gepaard gaat met forse, neurologische, progressieve afwijkingen 
vormt een valide neuropsychologische testafname een uitdaging: de afwijkingen in 
motorische coördinatie, de afwijkende oogbew egingen en traagheid kunnen de 
testresultaten namelijk beïnvloeden. Om meer inzicht te krijgen in het cognitieve 
functioneren van kinderen met deze aandoening werd een testbatterij samengesteld 
die rekening houdt met deze mogelijk verstorende cognitieve en motorische 
processen. Resultaten lieten zien dat kinderen met A-T gekenmerkt worden door een 
algehele cognitieve beperking, variërend van mild tot matig/ernstig. Daarnaast is er 
sprake van specifieke cognitieve beperkingen op het gebied van aandacht, (non-) 
verbaal geheugen en verbale vloeiendheid. Taal is één van de relatief sterke kanten in 
het cognitieve profiel van deze patiënten, terwijl de spraak het meest beperkt is. 
Geconcludeerd werd dat de methodologische uitdagingen met betrekking tot de 
neuropsychologische diagnostiek bij kinderen met A-T vergelijkbaar zijn met die bij 
kinderen met spina bifida. Een vergelijking van het spina bifida onderzoek en de 
aanvullende studie naar het cognitief functioneren bij A-T, wekt de suggestie dat de 
cerebellaire pathologie, die respectievelijk congenitaal danwel verworven is, voor een 
gedeelte de variabiliteit in het complexe cognitief profiel van patiënten kan verklaren. 
Een literatuurstudie bevestigt deze gedachte: een breed scala aan kinderneurologi­
sche en kinderpsychiatrische aandoeningen blijkt gepaard te gaan met cerebellaire 
dysfuncties die zich presenteren in een complex beeld van niet alleen motorische, 
maar ook cognitieve beperkingen.
H oofdstuk6 is een afsluitend hoofdstuk, waarin de belangrijkste bevindingen van 
het onderzoek samengevat en geïnterpreteerd worden in het licht van de bestaande 
literatuur.
De belangrijkste conclusies kunnen als volgt worden beschreven:
- Wat betreft het niveau van het cognitief functioneren van kinderen met spina 
bifida ondersteunen onze resultaten de bevindingen uit de literatuur. Alhoewel er 
binnen de groep kinderen met spina bifida grote verschillen zijn in intelligentieni­
veaus, is de verdeling van intelligentiescores ongeveer een standaarddeviatie 
lager dan bij een gezonde populatie.
- Kinderen met spina bifida vertonen een duidelijk cognitief profiel van sterke en 
zwakke kanten dat gekenmerkt wordt door relatief hoge scores op verbale taken 
en relatief lage scores op taken, die een beroep doen op visuele analyse en 
synthese, visuomotore functies, verbaal geheugen, en verbale vloeiendheid.
- Wanneer aandacht gemeten wordt met behulp van computertaken die geen 
beroep doen op een complexe motorische respons, presteren kinderen met SBM
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even goed als kinderen met SB. Dit kan worden geïnterpreteerd als blijk van 
intacte aandachtsfuncties.
- Spina bifida zonder cerebrale afwijkingen heeft geen overtuigende, negatieve 
gevolgen voor het cognitief functioneren. Kinderen met spina bifida en 
gerelateerde hersenafwijkingen presteren daarentegen over het algemeen minder 
goed dan kinderen met uitsluitend spina bifida.
- Spina bifida gaat gepaard met een grote variatie in het cognitief functioneren. 
Onze studie laat zien dat motorische traagheid en een beperkte kwaliteit van het 
fijnmotorisch functioneren hierbij een belangrijke rol spelen.
- Ondanks beperkingen in het fijnmotorisch functioneren zijn kinderen met spina 
bifida goed in staat om motorische sequenties op een impliciete manier te leren.
Het hoofdstuk beschrijft verder de praktische implicaties van onze bevindingen voor 
zowel de neuropsychologische diagnostiek bij patiënten met een dergelijke complexe 
neurologische aandoening, als voor de behandeling van deze patiënten en de 
benadering in de schoolse setting. Hieronder worden de belangrijkste klinische 
implicaties samengevat:
- Neuropsychologische diagnostiek: Uit de resultaten van ons onderzoek blijkt dat de 
validiteit van neuropsychologische testen aangetast wordt, wanneer er niet 
uitgegaan wordt van een analyse van het gehele profiel van sterke en zwakke 
kanten in het cognitief functioneren. Er dient met name rekening gehouden te 
worden met de fijnmotorische functies en aandacht.
- Benadering en aanpak op school: Inzicht in het cognitief functioneren van het kind 
met een complexe neurologische aandoening is van cruciaal belang om 
interventies op school hierop aan te passen en op deze manier de academische 
vooruitgang te stimuleren. In het bijzonder dient men er op bedacht te zijn dat 
het profiel bij kinderen met spina bifida gekenmerkt wordt door relatief sterke 
talige vaardigheden tegenover relatief zwakke performale vaardigheden. Een hoge 
verbale intelligentie en vlotte taalontwikkeling kan de beperkingen ten aanzien 
van het cognitief functioneren maskeren.
Hoofdstuk 6 wordt afgesloten met enkele aanbevelingen voor toekomstig onderzoek. 
Het toepassen van moderne 'brain imaging'-technieken wordt in dit kader genoemd. 
Met deze technieken is het mogelijk om meer inzicht te verkrijgen in de invloed van 
de verschillende neurologische hersenafwijkingen op het cognitief functioneren van 
patiënten met een dergelijke aandoening.
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betreft het analyseren van data. Veel dank voor je  intensieve begeleiding bij de 
dataverwerking en bij het schrijven van het artikel over im pliciet leren.
Hanneke Meulenbroek, Patsy Anderson en Jane Sykes wil ik bedanken voor de 
Engelstalige correcties van de verschillende hoofdstukken.
De leden van de manuscriptcommissie, Professor dr. Roy Kessels, Professor dr. Jan 
Gerris, Professor dr. Sander Geurts, en Professor dr. Oebo Brouwer w il ik bedanken 
voor de beoordeling van m ijn proefschrift en voor de snelle afronding hiervan.
Tijdens m ijn prom otietra ject heb ik m et veel plezier tw ee studenten mogen 
begeleiden bij hun scriptieprojecten: Anke Vinke en Marije Diender. Anke, jij hebt 
kinderen met spina bifida vergeleken m et kinderen m et een specifieke leerstoornis. 
Hoewel de data uite indelijk niet zijn gebruikt in d it proefschrift, w il ik je  danken voor 
je  inzet bij het verzamelen van literatuur en data. Marije, je  begon je onderzoeksstage 
-a l werkzaam als fysiotherapeute- als ambitieuze studente bewegingswetenschappen. 
Inmiddels heb jij zelfs de studie geneeskunde bijna afgerond. Ik wens je alle succes 
m et het vervolg van je (never-ending?) carrière!
Mijn collega's van het Spina Bifida project, Marizjenne van den Heuvel, Ignace 
Vermaes en Inge Cuppen. Met veel plezier denk ik terug aan de intensieve en gezellige 
samenwerking tijdens de fase van dataverzameling en aan de congresbezoeken in 
Dublin en Barcelona. Inge, jij sloot op een later m om ent aan bij het project. Ik wens je 
veel succes m et het afronden van jo u w  prom otietraject.
Mijn werkplek is de afdeling Medische Psychologie en Kinderneurologie. Mijn collega's 
wil ik danken voor hun betrokkenheid, hun interesse in de voortgang van het onderzoek, 
hun steunende woorden en alle gezelligheid. Chris Verhaak, sectieleider kinder­
psychologie, ik dank je voor jouw  steunende woorden en voor de tijd die ik van je kreeg 
om dit proefschrift af te ronden. Tevens dank ik de afdeling Medische Psychologie, in 
het bijzonder Professor dr. Judith Prins, hoofd van de afdeling, voor het faciliteren van 
mijn onderzoekswerkzaamheden. Professor dr. Floor Kraaimaat is als toenmalig hoofd 
in de eerste jaren van het onderzoek betrokken geweest, waarvoor veel dank.
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Marian van Lent, collega van het allereerste uur! Alle kneepjes die ik van jou  heb 
geleerd rondom het psycho-diagnostisch werken met kinderen waren onmisbaar voor 
de data- verzameling van dit werk. Jouw interesse, meeleven en aanmoedigingen 
gedurende het hele traject waren altijd heel waardevol.
Uiteraard ben ik ook een aantal oud-collega's veel dank verschuldigd. Maja, Korine, 
en Lian: de drukke combinatie van onderzoek, patiëntenzorg, GZ-opleiding en 
verschillende vrijetijdsbestedingen bood veel stof voor relativerende, leuke gesprekken. 
Ook dank ik ju llie  voor alle ontspannende activiteiten, muzikale uurtjes, etentjes, 
chocomelk- en terrasm omenten buiten werktijd. Hans, Henkjan, Ivon, en Maartje wil 
ik bedanken voor de gezelligheid en de vele lunches in de kantoortuintijd  (en daarna).
Een speciale dank verdienen mijn paranimfen, Niels Geerdink en Rachel van der 
Rijken: ik vind het bijzonder dat ju llie  op deze dag naast mij w illen staan. Samen in 
hetzelfde schuitje zittend konden we in de afgelopen jaren heel wat dagelijkse 
(onderzoeks)beslommeringen delen. Niels, mede dankzij de relativerende opmerkingen 
van Niek over "het w erkstukje" dat we nog moeten afmaken, lukte het ons steeds 
weer om de hum or er in te houden. Ik wens je alle succes voor het afronden van jouw  
werkstukje en kijk u it naar jo u w  feestje! Beste Rachel, ik w il je  bedanken voor al je 
steun en betrokkenheid in de afgelopen jaren, het kritisch lezen van de artikelen, en 
de nauwgezette correcties van de laatste versie van m ijn manuscript. Nu gaan we dus 
echt genieten van de vrije tijd!
Gelukkig is er ook een leven naast de wetenschap dat ervoor zorgt dat je  op 
gezette tijden je  hoofd kan verzetten! Ik prijs me gelukkig m et veel leuke en lieve 
mensen om me heen die ieder op hun eigen manier voor de nodige afleiding zorgen. 
Vrienden, muziekmaatjes en GZ-opleidingsmaatjes wil ik danken voor de gezellige 
m om enten en de fijne afleiding van de drukke werkzaamheden. Een warme dank 
gaat naar Stikl Glik: de afronding van dit boekje ging samen met de opname van onze 
eerste CD! Heel bijzonder om dit samen met ju llie  vorm te geven.
Lieve (schoon)familie, dank voor ju llie  steun en aanhoudende interesse in iets wat 
niet altijd volledig te begrijpen was. Een zeer speciale dank gaat op deze plaats ook 
naar mijn ouders. Hoewel ju llie  zo veel niet meer mee hebben mogen maken, w eet ik 
zeker dat ju llie  ongelofe lijk trots zouden zijn op een dag als deze. Ik ben ju llie  zeer 
dankbaar voor alle ruimte, die ik van jongs af aan heb gekregen om mijn eigen weg te 
volgen. Een flinke portie nieuwsgierigheid, geduld, en doorzettingsverm ogen zitten 
in de bagage, die ik van ju llie  heb meegekregen; d it waren belangrijke bouwstenen in 
de afgelopen jaren.
Lieve Robin, jij hebt als geen ander met me meegeleefd gedurende de afgelopen 
jaren. Mede door je  oneindige geduld en onvoorwaardelijke steun gaf je  me veel
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ruim te om me ook in de "vrije uurtjes" te verdiepen in het onderzoek. Ik kijk u it naar 
de periode die voor ons ligt. Op naar de volgende uitdaging!
Rosa, hoe klein je  ook bent, van jou  leer ik een heleboel! Wat is het spannend om 
samen met jou  op onderzoek uit te gaan in de "grote mensen wereld", kleine- voor 
ons grote mensen hele gewone- dingen weer te bewonderen door jo u w  oogjes, en 
ach zulke alledaagse dingen, oh zo bijzonder te laten worden. Stilstaan bij het m om ent 
en volop genieten.... Ik ben blij dat jij er bent!
170
D a n k w o o rd
171



C u rr ic u lu m  v ita e
Anja Vinck werd op 27 november 1977 geboren te Kranenburg (Duitsland). In 1997 
behaalde zij haar Ab itur aan het Johanna-Sebus Gymnasium te Kleef (Duitsland). In 
hetzelfde jaar begon zij met haar studie psychologie aan de Radboud Universiteit 
Nijmegen m et als afstudeerrichting Neuro- en Revalidatiepsychologie. Hiernaast 
heeft zij het theoretische curriculum van de afstudeerrichting Ontw ikkelings­
psychologie gevolgd. In het kader van haar klinische stage heeft zij vanuit de afdeling 
Medische Psychologie gewerkt op de afdeling Kinderneurologie (toen Interdisciplinair 
Kinderneurologisch Centrum, IKNC) van het Universitair Medisch Centrum St Radboud, 
alwaar zij na het afronden van haar studie in oktober 2002 kon starten m et het 
prom otieonderzoek gericht op kinderen m et spina bifida. In het kader van dit project 
heeft zij zich op het F.C. Donders Centre mogen verdiepen in technieken rondom 
cognitive neuroimaging.
In het verlengde van haar scriptieonderzoek werkte zij na haar afstuderen van 
2002 to t 2004 als ju n io r onderzoeker bij toenm alig ACKJON (nu Kinder- en Jeugd­
psychiatrie Karakter), ter ondersteuning van een onderzoeksproject naar de inform atie­
verwerking bij kinderen m et een stoornis binnen het autismespectrum.
In de periode dat ze bezig was m et haar prom otieonderzoek heeft zij tevens 
gewerkt als psycholoog bij eerstelijnspraktijk Tijhuis te N ijmegen (augustus 2005 to t 
september 2006) alwaar zij zich verder heeft kunnen bekwamen in (groeps) 
behandelingen van kinderen. Aansluitend aan deze periode heeft zij gewerkt als 
gedragswetenschapper bij Herlaarhof, centrum voor kinder- en jeugdpsychiatrie te 
Vught (september 2006 to t maart 2007).
Sinds 2007 is Anja als neuropsycholoog verbonden aan de afdeling Medische 
Psychologie en w erkt m et veel plezier in het Kinderziekenhuis van het Universitair 
Medisch Centrum St Radboud. In 2008 is zij gestart m et de opleiding to t Gezond- 
heidszorgpsycholoog bij het SPON te Nijmegen, die in 2010 is afgerond.
Op dit m om ent bestaan haar taken, naast wetenschappelijke activiteiten, uit 
patiëntenzorg binnen de afdeling Medische Psychologie/Kinderpsychologie, en 
onderwijs binnen het curriculum van geneeskunde en tandheelkunde. Haar belangrijkste 
aandachtsgebied is neuropsychologische functiestoornissen als gevolg van (neurologische) 
aandoeningen op de kinderleeftijd.
Anja is getrouw met Robin Pflüger en samen hebben zij een dochtertje Rosa (2009).

